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ABSTRACT

A descriptive case study was conducted at one acute care medical
center using one head injured patient who was unconscious for thirtythree days before testing. The study was done to provide descriptive
information on the behavioral, physiological and electroencephalographic
changes following a program of intermittent, repetitive, long-term
auditory stimulation.
A patient who appeared to be unconscious thirty-three days, who
had no evidence of extensive cortical damage and who had no evidence of
hearing difficulties participated. The experimental stimulation was
applied by earphones and consisted of a tape recording of eight Christmas
songs which were separated by four seconds of silence, the question.
"What is your name?", and another four seconds of silence. Stimulation
was provided three times.a day for six days. Physiological, behavioral
and electroencephalographic (EEC) data were collected twice a day for
ten days (starting four days before the stimulation program) before, five
minutes and one hour after experimental stimulation.
Major behavioral changes occurred during the test period. Across
the days behavioral changes after five minutes of experimental stimulation
include the appearance of previously absent reflexes, equal and midline
pupils from unequal and deviate pupils, resumption of oculocephalic
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reflex, return of visual fixation and following, and spontaneous blinking
to auditory and tactile stimulation. Additional behavioral changes
included spontaneous and purposeful motor activities of all extremities
and head turning in response to auditory and tactile stimulation.
Previously decerebration and flaccidity had been observed.
The physiological change observed after five minutes of experi
mental stimulation was a drop in blood pressure.
Across the days behavior changes after one hour of experimental
stimulation were similar to those after five minutes. Some reflexes
tended to be absent on prestimulation and after one hour of stimulation
but present after five minutes. Spontaneous movement, after one hour
and before neurological testing, tended to be quiescent and similar to
prestimulus observations.
Behavioral and physiological data indicated no trend changes
following loud auditory stimulation.
Two hours after intra-abdominal gastrostomy tube insertion with a
local anesthetic prestimulus behavioral changes demonstrated regression and
depression. After stimulation all behavior returned to the previous days'
findings except spontaneous movements and responses to auditory stimuli.
both of which remained conspicuously absent.
During hypoxemia behavioral data demonstrated generalized
depression of spontaneous behavior and regression of those reflexes
elicited. Greater arousal levels were obtained after stimulation.
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Gradual EEG visual changes were noted across days. No specific
remarkable changes occurred after any stimulation period. By the end of
testing the EEG demonstrated better formed, better organized and higher
frequency waveforms. Spectral analysis of the EEG demonstrated a
gradual trend toward increased intensity and increased frequency
activity across the days of testing. After five minutes of stimulation
there was a tendency for increased intensity of all frequencies with no
remarkable shift of the dominant frequency.
Underlying mechanisms which were considered as contributing to
the physiological, behavioral and EEG changes included variations in
cerebral blood flow, alterations in metabolic demands, dendritic spine
an^ bouton regeneration, habituation and hypoxia.
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CHAPTER I

INTRODUCTION AND NEED FOR THE STUDY

Motor vehicle accidents in the United States cause annually more
than three million head injuries (Kihlberg, 1966). Of the nine hundred
head injury patients at Detroit General Hospital reviewed by Gurdjian and
Thomas (1966), 74 experienced unconsciousness and 122 experienced
"stupor". Carlsson et al (1968) reported on 496 unconscious patients
with severe head injuries not requiring surgery. Of the 325 survivors.
317 regained consciousness within fourteen days, three regained
consciousness after fourteen days, and five failed to regain consciousness.
They also found that fifty percent of those regaining consciousness after
the seventh day were rehabilitated whereas no one regaining consciousness
after the thirteenth day was rehabilitated. Akerlund (1959), studying
twrenty-six head injury patients who regained consciousness after at
least seven days, concluded that unconsciousness lasting up to four
weeks was compatible with good recovery in two thirds of cases; however.
when consciousness had been lost for more than a month severe residual
defects "would seem to be unavoidable". Miller and Stern (1965) found
that only ten out of eighty-five head injury patients who experienced
. unconsciousness were incapable of being employed.
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Because the brain is so important, many investigators have con
ducted studies to determine just what physiological and biochemical
changes take place when the head is injured. When the head is struck.
the rigidly‘encased brain is subjected to varying degrees of acceleration.
deceleration, rotation, compression, expansion, and swirling (Caveness,
1966).

Following impact, severe alterations occur which may extend

cerebral dysfunction; they include anoxia (Meyer, 1971; Weinstein,
1968), edema (Clasen et al, 1958; Ishil, 1966; Klato, 1965), stasis
(Woodhall, 1971), acidosis (Moody et al, 1969; Reivich, 1971; Salmon,
1971), electrolyte imbalance (McLaurin, 1966; Wise, 1956, 1972),
hemorrhage, and sepsis (Caveness, 1966). Destructive processes recede
as reparative processes begin. In more severe injury, resolution takes
place at a slower pace with unequal deficit in neurons and alterations in
glial and vascular elements. When necrosis is extensive, more time is
required; there is further distortion as nonviable tissue is removed and
wound consolidation by gliosis, fibrosis, and cyst formation occurs. The
loss is correlated with dysfunction.
Consciousness requires continuous and effective interaction
between relatively intact cerebral hemispheres and nonspecific physio
logical activating mechanisms in the upper brainstem (Plum and Posner,
1966). Lesions may markedly alter consciousness. The lesion effect
on consciousness limited to the cerebral hemispheres, is directly
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proportional to the extent of the injury and the quantity of neurons
inactivated. Small lesions of the brainstem which interfere with the
function of the reticular activating system may have a profound effect on
level of consciousness (Cornell, 1971).
Some patients survive cerebral injuries but demonstrate only a
sleep-awake EEC rhythm without any conscious reaction to sensory
stimulation.

It is believed that these patients experience rhythmic

descending influence from the nonspecific reticular system while the
ascending projections fail (Hassler, 1969, 306). Why some patients
spontaneously recover from prolonged periods of unconsciousness remains
an enigma.
The reticular activating system (RAS) can be stimulated by every
major sensory and somatic pathway to produce cortical wakefulness
(Milner, 1970).
Auditory stimuli such as music will activate primary sensory
pathways and the RAS. Auditory nerve pathways connect the cochlea of
each ear with the anterior and posterior transverse temporal gyri, and the
lateral surface of the temporal lobe (Celesia, 1969, 211). Relay nuclei
found throughout the auditory pathway create a system of convergence and
interaction; thus establishing multiple projection pathways to the cortex
(Celesia and Puletti, 1971, 603; Teas and Kiang, 1964, 91). Connections
with reticular nuclei from auditory projection pathways are both afferent
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and efferent; thus establishing a feedback circuit to regulate cortical
input (Matzke, 1967). Hence, the cerebral cortex, in turn, can activate
the reticulum (Crosby, 1962).
A growing number of those involved in rehabilitation of neuro
logical patients have advocated stimulation of reflex response as a mode
of treatment or as an assessment tool to determine clinical status of the
patient. For the patient with cerebrovascular disease, techniques for
reflex response have been used to decrease incontinence, to initiate
swallowing and coughing (Elizabeth, 1966), to arouse cortical awareness
of the body part and its position (Adam, 1966; Bradley, 1971), and produce
an improved body image (McDaniel, 1969; Rood, 1962).

Motoric aids are

a well established therapy for perceptual training of the brain injured
child (Chaney and Kephart, 1968).

Using reflex stimulation to alter

aberrant movement patterns of the child with minimal cerebral dysfunction
can increase his ability to learn (Norton, 1972). At this time it is not
known whether sensory stimulation of the unconscious patient will
influence alertness.
Taylor (1971) reported an apparent return of spontaneous
consciousness, to repeated auditory stimulation applied to three patients
who had sustained "primary brain damage". The editorial did not reflect
scientific inquiry methods; therefore, it is of little value, but has
provided a stimulus for the design of this study.

5

DELINEATION OF THE PROBLEM

Statement of Problem
The purpose of this study was to assess behavioral and
electrcencephalographic (EEG) changes in unconscious patients during
and following sensory stimulation. Particularly, the study was designed
to answer the question: does a specific program of auditory stimulation
bring about a change in the unconscious patient's behavior and electro™
encephalographic activity?

Methodology Used
The descriptive case study method was used in this study.
Unconscious patients were observed and electroencephalograms were
recorded periodically for four days. Then a one hour tape recording of
Christmas music and intermittent question was applied as an auditory
stimulus via earphones three times a day for five days. Observations of
behavior and recordings of EEG were collected before, during, and after
the first and the last stimulation period of each day.
Assumptions of the Study
1.

The patient's change in behavior and EEG measured his level

of responsiveness.
2.

The patient was capable of hearing.
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3.

The patient was aroused to his maximum capacity for

response before evaluation of responsiveness.
4.

A change in behavior and/or EEG which occurred a consistent

number of times reflected a change in the patient's level of responsive
ness.
5.

The patients selected for the study were representative of

patients who have had severe head injuries with residual unconsciousness.
6.

Auditory levels used for stimulation were not harmful to the

patient.
Scope and Limitations of the Study
1.

The scope of the study was limited by the number of patients

who met the criteria for inclusion as defined in Chapter III in the study in
a local area during an eighteen week period.
2.

The scope of the study was also limited by the number of

hospitals which I worked at that had portable EEG machines with an
impulse channel output. Magnetic tape recordings were necessary for
analysis and storage of EEG data.
3.

The study was limited by the process of collecting data about

the patient. The presence of the researcher and the assessment process
may have also stimulated the patient.
4.

This study was limited in scope by present technology which

allows the researcher to evaluate only the evidence of consciousness
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rather than the introspective mechanism. Only the patient's ability to
communicate to an observer through motor, sensory, reflex, cardio
vascular and discriminating behavior could be investigated. Without
discriminating behavior, introspective mechanisms such as perception
could not be evaluated.

CHAPTER II

THEORETICAL FRAMEWORK

INTRODUCTION

The cerebral cortex conducts such high level integrating as
thought, wit, imagination, emotion, intellect, spiritual abstract
reasoning and ideation, and such specific activities as hearing, seeing.
speaking and writing. These combine to provide for perception, knowing
and communication of meaningful content—consciousness.
Awareness in another individual of a perception, of an abstract
ideation, of an expectation, and of experiencing a feeling is an intro
spective process of the mind which can be measured only by electrocortical and by behavioral changes. We are not able to measure these
complex processes if the individual is unable to change his physiological
state. Hence, we are limited to studying the evidence of consciousness.
One can only speculate as to precisely what the effect of small lesions
of the brainstem and of generalized depression of the cerebral cortex is
on this introspective mechanism.
In order to appreciate behavioral and electroencephalographic
activities, one must understand the salient anatomical and neurophysio
logical mechanisms which are responsible for these events. The following
8
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will be discussed in the chapter to summarize current explanation of
EEG et al:
Arousal-~brainstem reticular formation (BSRF);
medullary reticular formation (MRF);
ascending activating formation (ARAS), including
the reticular formation (RF) neurons, the neuronal plasticity, the
cerebral cortex, cyclic variations, thalamic pacemaker and cortical
generator cells;
non-specific thalamic reticular system (NTRS);
limbic activating system (LAS);
diffuse basal ganglia system;
pathology;
Hearing- reticular formation connections;
cerebral cortex;
pathology.
Furthermore a brief and simplified statement of salient principles occurs
at the end of each subdivision. Finally a summary and nursing impli
cation are the last two sections of this chapter.

AROUSAL

Consciousness is composed of a crude on-off quality and content
(Plum and Posner, 1966). Cortical and behavioral arousal, the on-off
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qualities of consciousness, are related to four activating and integrating
systems: the brainstem reticular, the non-specific thalamocortical, the
limbic activating, and the diffuse Basal ganglia (Riklan and Levita, 1969).

Brain Stem Reticular Formation (BSRF)
Overview.

Moruzzi and Magoun (1949) demonstrated that stimu

lation of the non-specific, diffuse brain stem reticular activating system
of cats desynchronizes and activates the electroencephalogram (EEG) in
a manner paralleling arousal from sleep.
The reticular formation (RF) has indistinct boundaries and
generally extends within the central brainstem from the lower medulla to
the thalamus. Short and long axons provide rich interconnections with
the RF, providing it with the property of both slow and fast conduction.
Rich interdigitation of branches from many specific ascending and
descending fiber pathways, and from adjacent brainstem nuclei create
complex, optimal anatomical opportunities for neural interaction
(Scheibel and Scheibel, 1968). The overall interplay and significance
of ascending and descending, excitatory and inhibitory influences
provided by the BSRF is not well understood.

Medullary Reticular Formation (MRF).

Microelectrode recording

studies of the medullary part of the RF indicate that its neurons produce
excitatory and inhibitory influences on spinal motoneurons (Engberg>
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et al, 1968; Jankowska, et al, 1968; Klemm, 1972; Magni and Willis,
1964). Reticulospinal neurons include the entire nucleus gignatocellularis of the medulla as well as adjacent portions of n. reticularis
ventralis and n. reticularis lateralis.

In the pons, reticulospinal

neurons may be found in the n, reticularis pontis oralis and part of the
n. r. p. caudalis. These reticulospinal fibers run caudally via the
ventrolateral funiculus of the spinal cord; those from the pons run
ipsilaterally and those from the medulla contralaterally (Montcastle,
1968, 1315).
Ascending fibers from medullary and pontine region project upon
the generalized thalamocortical system and upon the motor and sensory
nuclei of the cranial nerves. Many axons divide into an ascending
branch which projects to the cerebrum and a descending one which
projects to the spinal cord. (Scheibel and Scheibel, 1958; Montcastle,
1968). Some fibers of cortical origin, particularly from the motor
cortex, run through the corticobulbar system and terminate in the
pontine and medullary RF and upon the nuclei of the reticulospinal fibers.
Stimuli traveling these pathways produce an organized pattern
of reciprocal ascending and descending effects which produce an overall
activation on postural tone.

It has been suggested that this can be

viewed as a 'readiness response1 for subsequent movement which will
be appropriate, upon cerebral processing, for the environmental
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stimuli (Klemm# 1972; Sprague and Chambers, 1964). It should be
pointed out that recent evidence indicates motor activation is produced
by stimulation of pontine and medullary reticular sites and that a lack of
motor activation is apparent when the midbrain reticular region is
stimulated (Klemm, 1972). This latter is contrary to past assertions
(Lindsley, 1950).
In general, the MRP produces descending influence on spinal
motoneurons and ascending influence on nuclei of the cranial nerves and
motor cortex, resulting in overall activation of postural tone.

Ascending Reticular Activating System (ARAS). While behavioral
arousal is thought to be dependent upon the greater part of the ARAS
(Lynch, 1971), the most crucial areas of the ARAS are the anterior zone
of the giant-celled n. reticularis pontis oralis (RPO) and the posterior
zone of the mesencephalic tegmentum (Rossi and Zanchetti, 1957). This
afferent influx is implicated in the arousal mechanism (Moruzzi and
Magni, 1949) and is generally considered to be facilitatory subdivisions
of the BSRF (Ito, et al, 1970; Lynch and Crain, 1972).

RF Neurons. Anatomical and physiological evidence demonstrate
that the ARAS and BSRF contain many different types of neurons
(Montcastle, 1968; Scheibel and Scheibel, 1967; Valverde, 1961) and
have subdivisions which serve different, sometimes opposing functions.
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Hence, the RF may be subdivided into a giant-celled core surrounded
transversely by a layer of smaller cells (parvicellular region), each
having dendrites projecting toward neighboring sensory systems and
having axonal projections into a giant-celled core (Scheibel and
Scheibel, 1958).

It is reasonable, therefore, to understand how each

dendritic shaft is a receptive field for thousands of synaptic termini.
These parvicellularis neurons appear to serve association and behavior
plasticity functions affecting ongoing behavior (Groves and Thompson,
1970; Groves and Lynch, 1972).
While sensory information transmitted through these associational
neurons is subject to synaptic processing, such as synaptic depression
and/or increased synaptic activity (Groves and Thompson, 1970), those
portions of the giant-celled reticular core which receive direct sensory
innervation (Melzack and Wall, 1965) are not subject to such processing
(Groves and Lynch, 1972).
To state more simply, the complex ARAB is responsible for arousal
through complex interneuron and synaptic interplay.

Sensory information

is subject to synaptic inhibition and excitation.

Neuronal Plasticity. Each elaborately branched dendrite of a
neuron is covered with a wealth of small spines (Eccles, 1972; Scheibel
et al, 1972; Valverde, 1967). These spines appear to be labile, showing
loss or alteration in response to altered levels of activity (Raisman, 1969).
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Evidence is accumulating that spine and synaptic regression occur with
disuse (Colonnier, 1968; Eccles, 1972). Rats kept in complete darkness
since birth show a significant reduction in the number of spines per
dendritic segment (Valverde, 1967). Gragg (1969) showed mean average
diameters of axon terminals to be fifteen per cent greater and the
density of terminals to be thirty-four per cent less in rats raised in
darkness when compared with rats raised in light.
There is considerable evidence that afferent input to the neurons
play a role in maintenance of dendritic spines. Growth of dendrites
proceeds in a direction from which largest number of stimuli are discharging
and it is thought to eventually produce a shift of neuron cell bodies toward
direction of stimulation (Clemente, 1964). Daily, long-term electrical
stimulation preserves presynaptic and postsynaptic membrane structures
and essential metabolic machinery in presynaptic cells (Rutledge, 1969,
349). Rutledge (1969) also demonstrated that a significant increase in
cortical spine synapses occurs with intermittent patterned electrical
stimulation.
Willey and Freeman (1968) have found by the third day of prolonged
electrical stimulation of the prepyriform cortex of cats that evoked
potential waveforms were altered and included decreased amplitude and
duration of the first surface-negative wave (Nj). Posttetanic potentiation
following this alteration was also drastically decreased.

In addition
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Goddard et al (1969) demonstrated in rats behavioral convulsion could be
triggered by low-“intensity stimulation but only following many days or
weeks of repeated application. The duration of clonus progressively
increased with repetition, the stimulus threshold decreased. Interestingly,
they commented that although stimulation was needed to initiate the
behavioral change but, once initiated, the behavior proceeded without
dependence on, or controlled by, the stimulation.
Cortical depth and neuron size increase markedly in brains of rats
from enriched environments as compared with those from impoverished
environments (Diamond and Lindner, 1968). In contrast motoneuronal
nuclear and cytoplasmic volumes decrease with increased functional
activity (Geinismann et al, 1971).

Finally there is an increase in RNA

content of excessively stimulated neurons (Morrell, 1961).
Stimuli from receptor organs, such as the auditory (VIII cranial)
nerve, will result in the activation of multiple complex, specific
spatio-temporal patterns of impulse discharge. The involved synapses
will grow to an increased effectiveness. By virtue of this synaptic
efficacy, later similar sensory inputs will tend to traverse these same
neuronal pathways and so evoke the same responses (Eccles, 1972;
Kosower, 1973; Scheibel and Scheibel, 1973). Thus, given an appropriate
metabolic environment for spine growth, the long ascending and descending
.fibers of the ARAS affect behavior through integrating and modulating
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synaptic systems.

Some are based on repetitive and reciprocal activities

designed to produce reflex response patterns, and some are designed to
produce cortical and behavioral arousal (Groves, et al, 1971; Harris,
1971; MacGregor, 1972).
Therefore, for the most part synapse function is affected by use—■
spine regression is thought to occur with disuse, synapses increase and
efficacy improves with intermittent patterned stimulation.

The Cerebral Cortex.

Not only have excitatory postsynaptic

potentials (EPSPs) been demonstrated in reticulospinal neurons by
stimulating the cortex (Magni and Willis, 1964), but also inhibitory
postsynaptic potentials (IPSPs) in the MRF and ARAS (Gastaut and Meyer,
1961; Lynch and Crain, 1972).
For the most part this reticulo-cortico-reticular circuit is a
functional unit influencing arousal and motor activity.

It has been

postulated that this may also be a control feedback mechanism for
modification, conduction, and integration of information (Magoun, 1963).
One can see that the condition necessary to produce behavioral arousal
via motor and sensory stimulation and facilitation is not the reticular
activation itself but dynamic interplay of converging influences. Hence,
stimuli of equal intensity but different "meaning" may have different
arousal capacities. Because of these properties, some investigators
have referred to the BSRF as a gateway to the brain, i.e. a "nodal
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system . . . which . . . produces a net excitation of widespread sensory.
processing, and motor systems" (Klemm, 1972, 450).
' Hence the cerebral cortex restimulates through excitation and
inhibition lower neural structures resulting in control of behavior and
arousal.
Cyclic Variations. There is considerable evidence that underlying
physiological processing such as circadian rhythm and sleep-awake
rhythms effect the responsiveness of BSRF units to stimuli (Scheibel and
Scheibel, 1965). It has been suggested that a change in the balance of
factors controlling cell responsiveness is responsible.
Twenty--four hour recordings of EEC suggest that a circadian
rhythm does modulate the frequency and amplitude (Luce, 1971).

Some

have found the most characteristic changes to occur in the alpha bands
(Ivanov, et al, 1965) while others have found greatest change in the delta
bands (Frank, et al, 1966).
The Thalamic Pacemaker. Initially Magoun and Moruzzi, (1949)
found that RF stimulation completely abolished recruiting responses
evoked by concurrent stimulation of the generalized thalamocortical
system. This, and succeeding investigations, led to the idea that sleep
was due to a withdrawal of energizing action of the ARAS.
More recent studies indicate that during sleep some neurons
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increase their rate of discharge while others slow-; thus, there
is no universal withdrawal of reticular activating influence, nor is there
universal inhibition of cells of the cerebrum during sleep. It thus is nowapparent that the ARAS is paralleled by other systems which exert a
reciprocal action synchronizing the EEG and producing behavioral sleep
by an active process (Jouvet, 1972; Montcastle, 1968).
It should also be noted that there is a change in the temporal
pattern of discharge with sleep.
During wakefulness cortical neurons discharge at
intervals that compose a time series neither random
nor perfectly periodic. As sleep ensues, discharges
appear in short, high-frequency trains with long silent
periods intervening. During the spindling phase of sleep
these clustered discharges are likely to occur in
synchrony with the spindle waves, and closely adjacent
neurons tend to discharge together. The reverse transition,
from sleep to wakefulness, is marked by disappearance
of the clusters and different changes in the discharge
frequencies of different neurons, but only a moderate
increase in overall activity. During brisk arousal and during
purposeful activity that overall rate increases very
greatly (Montcastle, 1968, 1334-1335).^
In summary, sleep is thought to be the result of increased activity
of certain neurons with unique and varying firing patterns.

Cortical Generator Cells. As neurons of the generalized
thalamocortical system reflect similar changes in temporal patterns.
there is evidence to suggest that this system acts as a pacemaker for
cyclic variations to the cortical generator cells (Anchel and Lindsley,
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1972; Frank, et al, 1966; Jasper, 1961; Knott et al, 1942; Perkel, 1964;
Scheibel and Scheibel, 1965). Using spectral analysis for detailed EEG
study of Dement-Kleitman (1957) sleep stages , Johnson, et al (1969)
surmised that constant frequency generators may exist, causing an
increase in energy of delta and sigma bands with a resultant decrease in
alpha and beta bands.
While some propose that the septum is a pacemaker to hippocampal
theta waves (Anchel and Lindsley, 1972; Green, 1965), Klemrrds data (1972)
suggests that this rhythm may be a reflex, a non-specific consequence
of excitation of the BSRF.
Elul (1972) reviewed and discussed interesting data in an attempt
to clarify the genesis of the EEG.
1.

Salient features are summarized below:

Cortical generator populations produce synchronization of

the EEG.
2.

These generators are not specific, specialized classes of

fixed cells.
3.

All neuronal generators may alternate in this role, inter

mittently becoming synchronized with the EEG. Therefore, synchronization
shifts from one cell group to another.
4.

The EEG is produced through intermittent synchronization

of these selected groups of cortical nerve cells.
5.

A subcortical mechanism may exist which is vital for EEG
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activity and, when blocked, would bring about disappearance of the
EEG.
6.

One or more structures may be involved in this pacing

function.
Elul concluded that it is not known "whether intermittent
synchronization by subcortical centers may have any functional
significance, or might simply be an epipenomenon (sic) of processes
otherwise unrelated to cortical function" (p. 266). In response to this.
though, he does suggest that subcortical centers may be functioning as
'scanners' of the cerebral cortex, thus evaluating in a sequential fashion
a large variety of messages processed at the cortex.
As no direct evidence exists at this time, any conclusive concept
regarding the interactions and functions between cortical generators.
subcortical pacemakers, the EEG and behavior remains speculative.
Scheibel and Scheibel (1970) proposed cyclic EEG variations
may reflect metabolic processes endogenous to the individual cortical
neuron. They favor this concept because the period for each reticular
neuron they have studied is constant for each cell but differs from neuron
to neuron. They suggest also that cyclic activity patterns may represent
a mechanism to ensure "functional independence of the RF neurons by
having them participate alternately in synaptic circuits devoted to
exteroceptive operations and to homeostatic 'housekeeping' functions"
(p. 65).
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There is additional evidence that the cyclic sleep-awake
variations may be influenced and/or controlled by two antagonistic
subcortical ascending systems: the serotonin-containing neurons of the
Raphe system which control cortical synchronization and sleep, and the
catacholamine-containing neurons of the ARAS which control cortical
desynchronization and waking (Jouvet, 1972). It is not known whether
generator pacemakers and these antagonistic monaminergic systems are
related.
Finally, two mechanisms have been implicated for maintenance
of waking:
1.

a dopaminergic mechanism of the nigrostriatal system

apparently responsible for behavioral arousal and alertness (Anden,
et al, 1966; Jones, etal, 1969; Jouvet, 1972).
2.

a noradrenergic system originating in the pons and the

mesecephalic reticular formation apparently responsible for tonic
cortical activation which accompanies waking, but not for phasic
cortical activation which occurs with external stimulation (Jones,
1969; Jouvet, 1972).
The dopamine-containing neurons of the ARAS could participate
in behavioral alertness and motor coordination which accompanies
external stimulation.

On the other hand, these neurons do not appear

to contribute to the cortical synchronization or desynchronization
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necessary for the maintenance of arousal as the absence of dopamine
does not induce significant shifts in EEG sleep-wave alternation
(Anden, 1966; Jouvet, 1972).
In summary, cyclic variation of metabolic and electrical
activities exist in large populations of cortical cells and in individual
cortical cells. The meaning is unknown. Cyclic sleep-awake EEG
variations also appear under the influence of two antagonistic neuro
chemical systems: serotonin-containing neurons for sleep and cate
cholamine-containing neurons for wakefulness . Furthermore, dopaminecontaining ceils seem responsible for behavioral arousal.

Non-specific Thalamic Reticular System (NTRS)
The non-specific thalamic reticular system, a part of the ARAS
which possesses properties different from the ARAS, is a distinct
organization of cells and fibers which project to widespread, specific
areas of the cortex. Topographical organization is specific, suggesting
a possible role with the physiological activities associated with
attention (Jasper, 1954; Machne, et al, 1955).

It is also thought to

share in the central integrative and general activating functions
attributed to the BSRF as a whole (Carpenter, 1972). Although not
understood at this time, unique properties may be inferred by NTRS
connections with specific thalamic nuclei and with the striatum
(Milner, 1970; Riklan and Levita, 1969).
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One would summarize by suggesting the non-specific thalamic
system, complex and with widespread influence, may play a role in
attention.

Limbic Activating System (LAS)
The limbic activating system is thought to be associated with a
variety of somatic and autonomic phenomena closely related to behavior
which expresses emotion (Jouvet, 1967; Riklan and Levita, 1969). Some
evidence also implicates a part of the LAS, the hippocampus) with
permanent memory (Elazar and Adey, 1967a, 1967b).

Dysfunction in the

LAS-BSRF relationship may be the basis of memory distortion and
confusion (Plum and Posner, 1966).

Diffuse Basal Ganglia System
Classically, these structures have been considered part of the
extra pyramidal motor system, but numerous connections with the thalamus
suggest somatomotor and autonomic activity associations which may be
a basis for sensorimotor and central integrative processing.
Pathology
While it is not the intent of the author to discuss extensively
pathological correlations with unconsciousness in this chapter, it is
incumbent to mention certain points. The reader is referred to Chapter
Four, Discussion, for a more extensive consideration of pathological
entities relevant to this study.
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Functional failure of the BSRF results in failure of activation of the
cortex (Chase, 1968; Cravioto, et al, 1959; Lindsley, et al, 1949; Plum
and Posner, 1966).

Some cortical activity may continue as evidenced by

diffuse, slow EEC rhythms (Loeb, 1959) and by nonresponsive wakelike
EEC rhythms (Chase, et al, 1968; Chatrian, et al, 1964).

Occasionally,

some sleep organization of the EEC may occur (Chatrian, 1963; Hajusek,
1969). Rhythmic descending and autonomic influences may also continue
(Cravioto, et al, 1959; Enoch and Kerr, 1967; Galin and Lucey, 1972).
Why some individuals who experience a spontaneous return of
consciousness after weeks or months is unknown.

Some investigators

have suggested that resumption of non-specific activation of the cortex
may be exerted by the pallidum, a portion of the ARAS (Dieckmann,
1968; Hassler, et al, 1969a, 1969b, 1970). It is known that pallidal
activation includes lateral turning of the eyes and head, "awareness,"
and "motor activity," while partial loss of pallidal activation results in
slowing down of EEG alpha rhythm (Hassler, 1969, 306).
In an interesting series of experiments, Hassler and associates
(1969a; 1969b; 1970) have activated the ARAS of three post-traumatic coma
patients by direct electrical stimulation. Their goal was to "induce
[anatomically undamaged neurons] to take up again their spontaneous
ascending activation of the cortex" (Hassler, 1969, 309). They found
that immediate EEG desynchronization, opening of eyelids and contra-
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lateral conjugate gaze movements occurred with the first stimulation.
Spontaneous hand and arm movements occurred after "some days"
(Hassler, 1969, 689). After 20 days of stimulation, the patients
"exhibited an emotional interest in their surroundings with appropriate
associated movements and could vocalize." No further progress was
noted after the end of stimulation in two of the patients; in the third.
"further improvement after the end of the stimulation [occurred] so that
the coma was discontinued" (Hassler, in personal communication, 1972).
It is reasonable to recapitulate by saying that small anatomical
lesions of the non-specific reticular and thalamic systems are associated
with loss of consciousness and activation of undamaged neurons may
result in arousal.

HEARING
Hearing is a mechanoreceptive sense: sensory receptors of the
ear respond to mechanical vibration of sound, that is, pressure waves in
the air (Eyzaguirre, 19 69; Guyton, 1966). These waves provoke an
oscillation and vibration of the tympanic membrane, the ossicles (anvil,
hammer, and stapes), oval window of cochlea and basiliar membrane
(Von Bekesy, 1960; Matzke and Foltz, 1967, 48). This, in turn.
produces a mechanical deformation of cilia, resulting in depolarization.
liberation of a chemical transmitter and activation of afferent nerve
fibers of the cochlear, VIII cranial nerve (Davis, 1968; Kiang, 1968).
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RP Connections.

Multiple auditory nerve fibers enter the

brainstem at the junction of the pons and medulla to make connections
with cells that are located in the cochlear nuclei (Lorente de No, 1933;
Lemm, 1966).

Secondary fibers leave the cochlear nuclei in three

striae (dorsal, intermediate and ventral) which transverse the upper
medulla and pons. The ventral fibers terminate in the non-specific
reticular formation, the trapezoid nuclei and superior olivary nuclei
(Guyton, 1966; Galambos, 1955; More, et al, 1972).
Therefore, and in summary, auditory afferent fibers converge and
interact with the ascending reticular activating formation to produce
arousal.

Cerebral Cortex.

In the cortex, the primary auditory area is

thought to be the anterior and posterior transverse temporal gyri (Celesia
and Puletti, 1969). It is known that the lateral surface of the temporal
lobe responds electrocortically to auditory stimuli, but the significance
of such responsiveness is unknown.
Research has demonstrated that bilateral auditory (binaural)
stimulation produces cortical activity regardless of the level of
consciousness in normal and in anesthesized individuals (Celesia and
Puletti, 1971; Puletti and Celesia, 1970; Webster and Irvine, 1972).
Tonic and phasic activity in the BSRF related to audition
correlate with stages of sleep. While the MRP shows marked enhancement
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of electrocortical responses in multiple unit activity (Winters, et al.
1967), the cochlear nucleus shows reduced electrocortical responses
(Mori, et al, 1972).

Modulation to reduce sensory input appears to occur

at the receptor organ site, the result of RF influence at or before the
first synaptic relay of the auditory afferent system (Galambos, 1956;
Mori, 1972).
The salient point is that the cerebral cortex is activated regardless
of the level of consciousness in normal and in anesthesized individuals
by auditory stimulation.
Pathology.

In brain injured individuals experimental findings

suggest electrocortical activity and levels of awareness may evolve
independently from each other (Chatrian, et al, 1964). Although our
present technology has not satisfactorily provided measurable indices of
the level of cortical awareness to sounds, we continue to assume that
the auditory mechanisms are the last sensory input pathways to fail in
the nervous system prior to loss of cortical awareness (Dr. Brandstater,
in personal communication, 1972).

SUMMARY

From the anatomical and physiological review presented in this
chapter, it is evident that,
1.

The reticular formation of the brainstem produces cortical

and behavioral arousal.
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2.

Unconsciousness may be the result of failure by the ARAS to

activate the cortex. This failure may be due to a lesion of some portion
of ARAS and subsequent depression of spontaneous activation of
anatomically undamaged neurons of the ARAS.
3.

Auditory stimulation produces cortical changes in the normal,

in the sleeping, and in the anesthesized individual.
4.

The cerebral cortex is capable of RF stimulation.

5.

Repetitive and long term stimulation produce action directed

growth of dendritic spines, patterns of transmission across synapses.
increased synaptic efficacy.
NURSING IMPLICATIONS

Nursing is the practice of a body of knowledge and skills
designed to be comforting, caring, preventive, stimulative, and
restorative. The unique ways in which nursing applies concepts, theories
and principles from other sciences may be the science of nursing

(Lewis,

1970). Nursing is responsible for developing an independent armamentian
of interventions which permit accurate prediction and control of outcomes.
Lewis (19 70) has described one aspect of caring as discovering
and providing the kind of environment which will facilitate therapeutic
efforts for the restoration of the patient to his optimal level of health.
Control of the patient*s environment is an independent nursing function.
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Auditory stimulation of the unconscious patient is an environmental
manipulation; therefore, it is a nursing intervention.

CHAPTER III

METHODOLOGY

The purpose of this study was to attempt to relate behavioral and
electroencephalographic (EEG) changes in unconscious patients after
sensory stimulation. A specific program of auditory stimulation that
could be applied binaurally to head injured patients via earphones and
tape recording was tested. Information for the study was obtained from
the patient's charts, interviews with family members and nurses caring
for the patient, EEG recordings, testing and observations of the subject.

Design
A descriptive case study method was used to describe the behavior
of the unconscious patient. This approach seemed to be particularly
suited to the testing of auditory stimulation and changes in behavior as
comprehensive, thorough observations and sophisticated technological
monitoring of intricate physiological changes was mandatory.
Yates (1970) has stated that each abnormality of behavior
represents a new problem so that each patient must be considered as a
subject of investigation in his own right (p. 380).
From the point of view of statistical inference per se
the intensive single case study can be considered as
providing data sampled from a statistical distribution
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or population defined by the set of parameters or
characteristics of the patient under study (Chassan,
I960, 179).
"The intensive model capitalizes on variability within a given
subject of the characteristics under study. Furthermore, each subject
serves as his own control and important factors (age, sex, genetic
endowment, etc.) are held constant" (Yates, 1970, 382).
An experimental design was not chosen for a number of reasons.
Clinically, matching of patients offers little in neurology and neuro
surgery as one cannot be sure of identical lesion sites except by autopsy.
Attempting to predict the magnitude and/or the nature of cerebral edema and
its influence upon the cerebral structures is impossible with present
technology. It was predicted that obtaining a large number of eligible
individuals would be difficult. Retrospective chart reviews in an attempt
to match would have the same aforementioned limitations. Consistency
in observations and recording, varying criteria for evaluating level of
responsiveness used by health care personnel, the lack of sufficient EEC
data would be additional limitations, and the inability to deeply
penetrate electrodes into each patient.

CONDITIONS OF RESEARCH

Permission to Conduct Research
Prior to the collection of data for this research, approval was
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secured from the Advisory Committee for Human Research at Loma Linda
University (Appendix A). An appointment was made with the Director
of Nurses of three large acute care hospitals having neurosurgical units.
At the interview, a letter was presented explaining the purpose of the
study and its design and requesting permission to do nursing research
in the facility on head injured patients who were unconscious (Appendix B).
Questions were answered. Once approval was obtained (Appendix C), the
researcher was introduced by the Director to the nursing staffs involved.
The introduction clarified that the researcher had permission to review
charts, meet with families, and perform procedures on patients of her
choice within constraints. The study and its purpose were not explained
to the nursing staffs. If I was asked, I gave a generalized reply, such
as, "We're interested in studying levels of consciousness."
Selection of Participants
A total of three acute care facilities in the local area were
contacted. However, only patients in Loma Linda University Hospital
were studied.

Riverside and San Bernardino County Hospitals were not

used after it was discovered that their LEG recorders failed to meet
research specification. Attempts were made to obtain temporary use of
appropriate EEG recorders from Hewlett Packard and Beckman Instrument
Corporations. Unfortunately, this was not possible as both companies
had experienced a recent delay in their production, which was coupled
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with an influx of purchase orders for such recorders. Therefore, none
were available for loan. Furthermore, for the same reason the delivery
date of a newly purchased recorder to Riverside County Hospital was
delayed until late spring.
Those diagnosed post-traumatic head injured patients who
appeared to be unconscious, who had no evidence of extensive cortical
damage, and who had no evidence of hearing difficulties as indicated by
history and by physical examination of tympanic membranes were eligible
for participation. It was necessary that these subjects show altered
states of awareness and responsiveness as evidenced by the following.
1.

no evidence of recognition and/or emotional response
to significant persons and to noxious stimuli

2.

an alteration of awareness as demonstrated by an
apparent sleep state, with no attempt to respond
to verbal stimuli by making simple discriminations
other than rudimentary, such as sucking and chewing

3.

atypical motor patterns, such as inability to focus
eyes on moving objects, loss of sphincter control,
easy elevation of eyelid by investigator, little or
no purposeful spontaneous motor movement,
alterations of any basal reflexes, and evidence
of social inhibitory behavior

4.

an alteration in neurophysiological patterns, such as
slow, low voltage or absent EEG waves and a reduced
cerebral blood flow (Baldy-Moulinier et al, 1969, 216;
Beland, 1967, 1306n; Correll, 1971; deGutierrezMahoney et al, 1965, 164; Gardner, 1968; Hooper,
1964, 23; Plum and Posner, 1966; Shagrass, 1972, 125).

In order to allow for the subsidence of brain swelling, edema and
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shock, an arbitrary period of fourteen days following cerebral injury and
unconsciousness was allowed to pass before final clinical evaluation for
eligibility of a subject was performed. Evidence indicates that prior
to twelve days changing physiological states may account for changes in
consciousness.

Maxwell et al (1971) found that gross estimation of

cerebral edema indicated that there is a persisting effect by cerebral
edema from seven to twelve days in animals not treated with glucosteroids.
Other investigators have indicated that a certain amount of cerebral
shock, somewhat similar to spinal shock and lasting up to ten or more
days, may be associated with acute brain lesions (Sprague, 1967;
Austin, 1972).
All patients tested were aroused to maximum capacity for response
before evaluation of responsiveness. Stimulus to elicit a Babinski reflex
was used as a means for providing maximal arousal. All testing which
employed noxious stimuli was done with respect for the patient's dignity
and well-being.
During the eighteen week period allotted for acquiring subjects.
seven head injured unconscious patients were admitted to Loma Linda
University Medical Center. Two died within seventy-two hours after
admission, and a third before she demonstrated neurophysiological
stability; two demonstrated purposeful behavior by the time of testing.
and therefore were not eligible; two were eligible. One family expressed
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a desire not to have any research project include their loved one. Although
written permission for participation in the study was not sought as
auditory stimulation is neither detrimental nor unusual to the care of
patients, it was evident that inclusion of this patient in the study would
increase the anxiety of the family; therefore, participation itself would
become a detrimental nursing measure. Hence, only one patient was
studied, but more intensively.
INVESTIGATION TECHNIQUES

The Neurological Examination
A fundamental skill of medicine and nursing is systemic examination
according to the Hippocratic oath. The neurological examination is a
series of tests which require cerebral, cranial nerve, cerebellar, motor.
sensory and reflex responses.

It yields data for inference about the

presence or absence of nervous system dysfunction.

In this study the

examination was used for testing of the patient before, during, and after
stimulation periods.
The examination progressed in steps, testing the nervous system
from higher to lower levels of integration (Appendix D and E).

In

general, it proceeded as follows.
1.

Cerebral—level of consciousness, general behavior,
intellectual performance, emotional status,
thought content and specific functions such as
cortical sensory integration
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2.

Cranial Nerves--olfactory, optic, oculomotor,
trochlear, abducens, trigeminal, facial, acoustic,
glossopharyngeal, vagus, accessory and
hypoglossal

3.

Cerebellar—balance and coordination

4.

Motor--muscle tone and strength, and upper and lower
motor neuron function

5.

Sensory--primary forms such as touch, pain and
vibration

6.

Reflex—biceps, triceps, brachioradialis, patellar,
Achilles, upper and lower abdominal, plantar and
Babinski (Prior and Silberstein, 1969; Vazuka, 1968).

The status of five physiological functions become particularly
valuable when altered consciousness is found (Dejong, 1967). They
included (1) level of consciousness, (2) pattern of breathing, (3) size and
reactivity of pupils, (4) eye movements and reflexes, and (5) skeletal
muscle motor responses (Plum and Posner, 1966, 5).
Test Reliability. Well established medical and neurological
literature support the validity and reliability of neurological examination
as a tool in measuring function responsiveness of the nervous system
(Plum et al, 1966; Prior et al, 1969; Vazuka, 1962; Van Allen, 1971).'
Dejong (1967) commented on the validity of the neurologic examination in
the following manner.
In no other field of medicine is there so close a parallel
between morphology and physiology on the one hand and
pathology and symptomatology on the other (xiii).
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In no-other branch of medicine is it possible to build up
a clinical picture so exact with reference to localization
and pathologic anatomy as in clinical neurology (3).
No other branch of medicine lends itself so well to the
correlation of signs and symptoms with diseased
structure (7).
When referring to reliability, he cautions, though, that neurologic
examination requires skill, intelligence, patience, and accurate, trained
observation together with a cooperative patient. He lists the causes for
incorrect diagnoses as insufficient examination and inaccurate ob
servations. Interpretation and judgment are subjective processes of the
examiner which may influence the behavioral data.

Data Treatment

The descriptive technique was used to describe

and discuss alterations in behavior patterns following auditory stimulation.
Time sequence diagrams were developed to graphically demonstrate the
occurrence of behavioral changes.
The Electroencephalogram (EEG)
The EEG recorded from the surface of the skull is thought to
represent from the algebraic summation of excitatory and inhibitory
postsynaptic potentials from a relatively large population of underlying
neurons (Bremer, 1958; Crentzfeldt et al, 1966; Eccles, 1951; Jasper
et al, 1965; Purpura, 1959).

Thus, the EEG reflects nerve cell activity;

arbeit large population. To the extent that neuronal activity in the brain
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determines behavior and is, in turn, determined by it, the EEG
constitutes a source of objective information on behavior states
(Elul, 1972).
Recording techniques for obtaining an EEG are relatively simple.
Either stainless steel 26 gauge needle electrodes inserted beneath the
scalp or disc electrodes made of solder, silver or other metals attached
to the skin in contact areas ranging from 5 to 10 mm. in diameter are
used. Fat solvents which reduce sebaceous skin material and electrode
jelly are employed to produce low contact resistance at the skinelectrolyte and electrolyte-electrode interface. The number of electrodes
adopted are varied with the need for accurate mapping of focal activity.
While the earlobes or mastoid processes serve as reference sites.
monopolar and bipolar electrode combinations are used for recording the
bioelectric phenomenon and surface potential field. The International
10-20 system refers to basic placement at symmetrical points on the
scalp in frontal, central, occipital and temporal regions and to basic
ensemble of electrode recordings.

It has become a widely accepted.

systemic procedure for recording EEGs.

Test Reliability and Validity.

Neurophysiologists and neurologists

have long used EEGs to obtain data on the organization, reactivity and
spontaneous activity of the cerebral bioelectricity. While gaps in our
exact knowledge of the actual contributions of different cortical elements
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such as glial cells remain to be determined / there is general agreement
that the EEG yields valuable data about function and physiology of the
brain (Brazier, 1972).
After reviewing the literature, Elul (1972) summarized several
points about the EEG. They include.
1.

Nerve cells in the cortex produce wave activity.

2.

This activity reflects active changes in membrane conductance

in these neurons.
3.

Artificial blockade of nerve cell activity is associated with

disappearance of surface EEG activity.
Other researchers have found that the EEG reflects cerebral blood
flow (Himwich et al, 1969; Salmon et al, 1971), cerebral metabolic
disturbances (Jobsis, 1972; Meyer et al, 1971), lapses in alertness
(Brazier, 1972), circadian rhythm activities (Luce, 1971, 33), cerebral
reactivity (Bohlin, 1971; Meyer et al, 1969), and certain psychiatric
conditions (Dejong, 1967, 35). Dejong (1967) considers it as "one of
the most important of the electrical examinations of the nervous system"
(p. 581).

It is a routinely used procedure for the evaluation of cerebral

disease.

DATA ACQUISITION

A preliminary neurological examination was administered by the
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investigator initially to all subjects to identify those patients who were
eligible for participation in the study. This was done between the second
and seventh day post injury. On the twelfth day post injury, a chart
review was performed to verify neurological status of the subjects who
were previously determined eligible. At this time also, the investigator
interviewed the subject's nearest relative to obtain pertinent physical
history data. Testing procedure was explained also. The purpose of the
study was not discussed. The medical plan of care was elicited in an
interview with the attending neurosurgeon. The purpose of the study and
testing procedure were also discussed.
On the fourteenth day post injury and unconsciousness, testing
began. The testing process proceeded in the same order and manner
throughout the study. Total testing time of each session, including the
stimulation periods, was approximately two hours and was performed at
the patient's bedside. The investigator began the testing by observing
the patient for ten minutes, recording any spontaneous motor activity.
and/or responsiveness to environment on a printed guide on a clip
board (Appendix D and E).
The investigator then introduced herself to the patient and
explained the testing procedure. The four channel portable Beckman
R411 Dynograph recorder and Hewlett Packard T805B magnetic tape
recorder were brought to the bedside and assembled for use. Three

41
prong plugs and ground connections were used with*all electrical
equipment in order to ensure safety of the patient. One channel of the
Beckman recorder was connected to a Hewlett Packard 7803B oscilloscope
which was already providing continuous electrocardiographic monitoring.
Hence, simultaneous electrocardiographic recordings were obtained
without disturbing the patient nor his environment.
Silver plated steel disc electrodes, covered with standard
electrode jelly, were attached with adhesive to the scalp of the patient
after the skin had been cleansed with acetone. Ground electrodes were
attached bilaterally to the mastoid processes while bipolar electrodes
were placed in the FI, T5, F2, T6 positions according to 10-20 inter
national system. Two channels of the Beckman R411 Dynograph Recorder
were used for EEG data collection. Simultaneously, EEG data was
recorded on magnetic tape using a Hewlett Packard 5805B recorder. Thus,
visual records and tape recording varying in length from three to five
minutes were simultaneously made from right and left frontal-temporal
derivations.
The patient was aroused to maximum capacity for response.
Neurological examination was performed and recorded on the printed guide
on a clipboard. At least fifty per cent of the testing was performed while
an experienced neurosurgical intensive care nurse observed simultaneously.
She recorded her observations on a second printed guide. Obviously, it
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was not possible to obtain blood pressure measurements simultaneously.
Usually the investigator took this measurement first. Values were
recorded but not communicated between investigator and observer during
the testing period. The calculated mean was used for data.
At the end of behavioral testing and after background noise was
reduced to a minimum, EEG data were collected for three to five minutes.
Due to multiple technological problems, it was not possible to obtain
more precisely timed EEG samplings. On at least three occasions.
incongruent cabling was present but not evident at the bedside by visual
inspection of the EEG. Also, despite a notice placed on the closed door
of die room requesting no admittance during testing, data collection was
interrupted on occasion when someone carrying short wave pagers entered
the room. Finally, data collection was interrupted occasionally for
emergent nursing care such as bronchiotracheal suctioning.
The magnetic EEG data tapes were subsequently replayed and
recorded for permanent storage using a seven channel Ampex SP-30 FM
recorder.
All testing was performed during the patient's normal waking hours.
Testing was done daily for four days. Two of these test periods were
in the morning and two were in the early evening. The initial test period
was randomly selected; the subsequent periods were alternated.
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Data Treatment. Two methods were used to depict EEG data.
First, bioelectric EEG phenomena were charted with amplitude vs. time.
Conventional visual inspection of EEG was used to identify typical and
atypical spindles, artifacts and spikes. The findings of EEG data were
reviewed and summarized by a neurologist. A description and discussion
of alterations in EEG following auditory stimulation was presented as
well as time sequence diagrams which demonstrate graphically occurrence
of behavioral and EEG changes.
Secondly, in order to give more penetrating additional insight into
cerebral bioelectric generator, spectral analysis was used to described
EEG amplitude as a function of frequency (Joy, 1971; Wennberg, 1971).
Selected EEG epochs of one to four second duration were digitalized and
EEG spectral energy was estimated by the fast Fourier transform
(Dumermuth, 1972).

Using a PDP-12 laboratory computer, data was then

smoothed and plotted in three dimensions: spectral power vs. frequency
vs. time (Figure 1). The particular advantage for this approach is a
better survey of individual EEG components, primary and subsidiary
frequency bands and their average frequencies (Walter, 1963; Willey,
19 72). Thus, repetitive wave phenomena is enhanced and defined.
Spectral analysis is a dynamic presentation of EEG data which is
especially suited to demonstrating state condition changes. For
statistical purposes, spectral estimates between EEG population can be
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COMPRESSION OF EEG FREQUENCY SPECTRAL ANALYSIS
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derived in the following references: Dumermuth, Walz, Scollo-Lavizzari,
Klainer, 1972; Joy, Hance, Killam, 1971; Walter, Rhodes, Brown, Adey,
1966. These later quantitative methods were not used in this study.

EXPERIMENTAL TECHNIQUE

In order to relate behavioral and EEC changes in unconscious
patients after a program of sensory stimulation, data was collected for
four days. Earphones were not placed on the patient during this time so
as not to reduce normal environmental auditory stimuli.
The initial stimulus period occurred on the morning following the
fourth testing period. When EEC data collection was completed.
bilateral earphones were placed on the patient and a tape recording was
played at normal decibel level for one hour.

Stimulation.

Auditory stimulation was selected for a number of

reasons. By using a tape recording of "biologically significant sounds,"
both the quantity and quality of stimuli presented to the nervous system
of the unconscious patient could be controlled and maintained constant
between stimulation periods and between patients. During hospitalization.
the auditory nerve is less rarely subject to itrogenic changes than other
sensory systems. For example, it is possible that hypothermia, a long
term cooling treatment commonly used to reduce brain temperature and
thereby to reduce brain metabolism and edema in head injured patients,
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may produce long term alterations in tactile receptors and afferent
conduction pathways of the nervous system.

Finally, all components of

auditory evoked potentials have been obtained in patients with varying
levels of consciousness (Celesia et al, 1969).
Binaural auditory stimulation was used.

It has been found that

they evoke larger cerebral bioelectric amplitudes than ipsilateral or
contralateral nonaural stimulation (Puletti et al, 1970).
The tape recording was of eight songs associated with Christmas.
At the end of each song there was a four second interval of silence.
Speech and music are biologically significant sounds for humans. They
are sounds which gain adaptive significance through learning and
influence significantly behavior (Worden et al, 1972).
Acoustic cues are subject to neuron schemes for information
processing. One is thought to be a generalized filtering process
occurring at the olivocochlear bundle and pontine level. Incoming
sensory data are analyzed within afferent pathways and classified into
preset categories. A second scheme evaluates incoming signals by
attempting to generate internal activity to match what is received.
During repetitive stimulation, the cortex elaborates a model of stimulus
and attempts to match incoming stimuli to it.

If a novel stimulus

produces a mismatch, the cortex activates the reticular modulating
system, which strengthens incoming signals (Leiman et al, 1972).
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MacKay (19 72) found that in low information redundancy situations the
first scheme is most useful while in high redundancy situations the
second is more efficient.
Music was selected because of its rhythmical patterning and
varyjmg intensities of sounds. Stimulation characterized by a regular
reoccurrence, rhythm, is one of the first experiences of the fetus in
utero and is the result of maternal heartbeats which are magnified by
amniotic fluid. The initial signals evoke responses. As a result, the
fetus enlarges and builds a repertory of recognition and response
learning (Frank, 1957). Sensory data differentiation and integration
occurs as the nervous system matures, producing a progressive trans
formation of sensory stimulation and motor patterns into thought patterns
(Piaget, 1952). Thus, music may be considered a basic, generalized
form of auditory stimulation.
Christmas music was chosen because of its universal appeal.
familiarity and related emotional meaning for most individuals in North
America.
The sentence "What is your name?," articulated clearly, slowly
and with authority, was employed as a more forceful and direct attempt
to elicit a response from the patient. While it is also a familiar and
universal set of signals in English speaking cultures, it requires a more
specific information processing than Christmas music and may in fact be

48
decoded by higher-level, articulatory motor-command centers (MacKay,
1972).

It can be also hypothesized that such a sentence, while

providing a patterned repetitive signal, provided novelty.

Stimulation Process. As previously stated, behavioral and EEG
data were collected before the stimulation process (Figure 2). After five
minutes of auditory stimulation, behavioral and EEG data were again
collected. The tape recording was turned off during the collection of EEG
data in order to reduce electrical interference and to increase patient
safe ty.
After fifty-five additional minutes of auditory stimulation.
behavioral and EEG data were collected. Equipment was then removed
from the bedside.
Auditory stimulation was applied three times a day for five days.
The times of day ranged from seven-thirty a.m. to nine-thirty a.m. , from
one p.m. to three p.m • / and from seven p.m. to nine p.m. Behavioral
and EEG were collected during the first and the last stimulation period
of each day.

CONTROL OF VARIABLES

Extraneous variables were controlled in this study as much as
possible. The first variable controlled was that of the error of observation.
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FIGURE 2
EXPERIMENTAL PROTOCOL FOR EEG DATA COLLECTION
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In reducing the subjective influence on the observation process during
the neurological examination, Dejong (1967, 5) recommends that the
examiner have repeated practice, experience and make keen, accurate
systemic observations. Therefore, I spent a total of four weeks, two
in October, 1971, and two in November, 1972, performing the exami
nation under direct supervision of an experienced neurosurgeon and/or
neurosurgical resident on patients admitted to neurosurgical outpatient
clinic and/or inpatient unit of Loma Linda University Medical Center.
During the interim period, I performed the examination almost daily on
all patients who were admitted to my caseload. During the study.
random supervision also occurred.
A printed guide was used consistently throughout the study. Its
form and content were developed under the guidance of a neurologist.
Medical and nursing personnel not involved in the study were
used to substantiate observations of the investigator. When significant
changes in behavioral responses of the patient were noted by the
investigator, it was validated within five minutes by either a neuro
surgeon or a neurosurgical resident. In addition, more than fifty per cent
of the testing was performed while an experienced neurosurgical nurse
observed simultaneously. Her observations were recorded to authenticate
those of the investigator.
The second variable controlled was subject sampling. In subject
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sampling control, the sample studied is representative of the population
from which it is selected. Representativeness is based not only on
similarity of subjects, but on the occurrence of a certain critical
characteristic among them (Fox, 1966). In this study, a sample was
required by the researcher which represented a larger group of persons
who had experienced trauma with head injuries and with one common
trait: loss of consciousness. One subject from that population was
deliberately selected.
It is commonly acknowledged that there is a natural improvement
which is observed in most patients who recover to any degree following
a head injury. The acute phase usually lasts four to five days. However,
improvement may take place over a period of several months after the
trauma. Therefore, the variable of natural recovery could be a factor
which might potentially influence behavioral and EEG data on the
posttests; the improvement would not be due to the experimental
technique being studied. Certain aspects of the design of the study
affect this variable. The patient was studied for nine days; the first four
days were used for pretesting, the fifth through tenth days for treatment
and posttesting. Clinically, the pattern of recovery is a gradual change
from decerebration and deep coma to some crude form of wakefulness but
lacking the ability to respond to environment in any meaningful way.
Usually, there are also signs of diencephalic, extra pyramidal and
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pyramidal lesions. The pretest period of time—four days—is definitely
enough that improvement of a noticeable nature would be seen.

In

addition, no patients were to be studied unless they had been unconscious
fourteen days; the patient studied was unconscious for thirty-three days
before testing. Carlsson et al (1968) found that of 325 unconscious head
injury patients, fifty per cent regained consciousness in thirty-two and
three tenths hours. Also, he found that the average duration of
unconsciousness was fifty-seven and three tenths hours.

None of his

patients who were unconscious for greater than nineteen days regained
consciousness.
The influence of psychological factors on research cannot be
ignored. Known as the Hawthorne effect, this influence is portrayed as:
. . . a phenomenon characterized by an awareness on
the part of the subjects of special treatment created by
artificial experimental conditions. This awareness
becomes confounded with the independent variable
under study, with a subsequent facilitating effect on
the dependent variable, thus leading to ambiguous
results (Cook, 1962, 116).
Good (1966) said that the researcher as a stimulus object must
attempt to hold constant his influence on the subjects.

In this study.

the researcher variable was controlled by adherence to a script of the
test during its administration. Attention was not drawn to patient
responses. When validation of a response was desired, the second
examiner was approached outside the patient's room.
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There were, however, several variables that could have influenced
the study over which the researcher had no control.

First, it was not

possible to eliminate the additional amount of touch required to apply
electrodes, perform the neurological examinations, and apply earphones.
In order to reduce the occurrence of a repetitive pattern of touch, the
order of applying the electrodes and the initial side of the body tested
were randomly altered with each test period.

Secondly, it was possible

that in the course of a day when the researcher was not there, the subject
could have received some form of auditory stimulation which was similar
to the treatment.

It is conceivable that some other person may have

asked the patient what his name was. It is unlikely, however, that
Christmas music was played to the patient as testing w*as done in
February.

SUMMARY

The purpose of this study was to provide descriptive information
relating to behavioral and electrical changes in long-term unconscious
patients after a program of auditory stimulation. Post-trauma tic head
injured patients at one acute care medical center who appeared to be
unconscious according to defined criteria for at least fourteen days, who
had no evidence of extensive cortical damage and who had no evidence of
hearing difficulties as indicated by history and by physical examination
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of tympanic membranes were eligible for participation in this study. One
patient was studied; he had been unconscious for thirty-three days at the
initiation of the study.
Neurologic examination which progressed in steps to test the
nervous system from higher to lower levels of integration and which paid
particular attention to level of consciousness, pattern of breathing, size
and reactivity of pupils, eye movements and reflexes, and skeletal
muscle motor responses was the tool used for measuring behavioral
responsiveness. Description and time sequence diagrams were used to
demonstrate behavioral changes.
Electroencephalograms (EEGs) using International 10-20 system
with electrode placement at F1-T5 and F2-T6 positions were recorded on
magnetic tape and graphic paper. Summaries of conventional visual
inspection of EEG and spectral analysis by fast Fourier transform of
selected EEG epochs of one to four second duration were used to
correlate electrical activity. Data collection occurred for ten days.
starting on the thirty-fourth day of unconsciousness. The first four
days' data was collected for baseline information; thereafter data was
collected every twelve hours. Repetitive auditory stimulation, consisting
of Christmas music, silence and the question, "What is your name? ",
was applied via earphones and a tape recording played at normal decibel
level for one hour three times a day for the subsequent six days.
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Behavioral and EEG data was collected before7 five minutes and one hour
after the stimulation program.
Extraneous variables which were subject to control attempts
included error of observation, subject sampling, natural improvement
and the researcher as a stimulus object.

Several variables that could

influence the study over which the researcher had no control included
touch as a stimulus and additional auditory stimulation when the
researcher was not present.

CHAPTER IV

FINDINGS AND DISCUSSION

General Information
LH was a forty-nine year old Caucasian male admitted to Loma
Linda University Medical Center on January7' 5, 1973. His admitting
diagnosis was Brainstem concussion and cerebral contusion with Basal
skull fracture; on January 15 his additional diagnoses included left upper
lobe pneumonia and left-sided hemiparesis due to left temporal subdural
hematoma. A right temporal craniotomy was performed on January 5 and
left frontotemporal on January 22.
According to his family he had no history of hearing difficulties
prior to his pedestrian vs. auto accident. He had no physical evidence
of hearing dysfunction during his hospitalization. Also, his family
reported that his normal waking hours were from seven a.m. to twelve
midnight.
Testing began on February 8# 1973 (Table 1). At that time LH had
been unconscious for thirty-three days and was sixteen days post
craniotomy. During the testing period his medications were Vitamin E,
400 units three times a day and Ritalin, 10 milligrams once a day. On
February 14 at one p.m., the seventh day of testing and the third
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TABLE 1
EVENTS OCCURRING DURING TESTING OF A COMATOSE PATIENT
Day

Event

1

Testing began, patient unconscious thirty-three days

2
3

4

Experimental stimulation began

5
6
7

Clonic seizure activity

8

Gastrostomy tube insertion

9

Pneumothorax; chest tube insertion

10

Testing and experimental stimulation ended
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consecutive day of experimental stimulation, LH experienced clonic
seizure activity of the left upper and lower extremities, lasting less than
one minute.

No medication was given. On February 15 at 3 p.m • / LH

had a gastrostomy tube inserted. A local anesthetic agent, one per cent
Xylocaine, was given. On February 16 at 5 p.m. , LH was diagnosed as
having a pneumothorax. A right chest tube was inserted at 7 p.m.

No

medication was given. Testing was extended to February 17.
Physiological Findings
The heart and respiratory rates demonstrated no apparent trend in
change related to the testing process and/or the experimental technique
(Appendix F and G).
With the exception of the test period prior to clonic seizure
activity, diastolic and systolic pressures dropped after five minutes of
experimental auditory stimulation (Table 2). After one hour of stimulation,
there was a tendency for these pressures to rise, but not as high as
original baseline pressures. The greatest pressure changes occurred
during the first stimulation period; the least during the last period.

Behavioral Findings

Reflexes. The right quadriceps reflex was present during all
testing (Table 3). Prior to clonic activity, the left quadriceps reflex
tended to be weak on prestimulus testing and present after five minutes
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TABLE 2

BLOOD PRESSURE VALUES OF A COMATOSE PATIENT
BEFORE AND AFTER SENSORY STIMULATION

Day

Before

After Experimental Stimulation
Five Minutes
One Hour
Two Hours

1 pm

120/78

118/78

2 pm

120/96

124/90

3 pm

148/102

120/100

4 am

140/98

13 0/72

5 am

13 0/102

110/80

128/84

136/94

pm

120/90

108/74

144/114

120/90

6 am

130/98

118/80

120/90

130/98

pm

140/80

130/90

114/96

118/80

7 am

124/90

152/104

124/92

140/102

pm

140/100

110/90

118/84

144/110

8 am

150/110

136/100

150/110

150/110

120/90

100/70

120/88

120/88

120/100

100/78

110/80

130/100

124/96

124/94

130/90

132/98

pm
9 am
10 am

TABLE 3
REFLEX RESPONSES OF A COMATOSE PATIENT BEFORE AND AFTER SENSORY STIMULATION
Quadriceps
Day
1
2
3
4
5
6
7
8
9
10

pm
am
pm
am
am
pm
am
pm
am
pm
am
pm
am
am

BEF. 5M
r/l
r/l
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
w
w
+
+
w
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+

Biceps

1H
r/1

BEF. 5M
r/l
r/l

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
w +
+
+
+
+
+
+ +
+ +

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

w
w
+

+
+

Bracheoradialus
1H
r/l

BEF. 5M
r/l
r/l

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+ w
+
+
+
+
+ w
+ +

w
w
w

+
+

+
+
+
+

+
+
+
w

4* +

+
+ +
+ w
+
+ +

1H
r/l

+
+
+
+

+
+
+
+

Grasp
BEF. 5M
r/l
r/l

+ w

+ +

+
+
+
+
+

+
+
+
+
+

+

+
+ w
+ w
+ w
+ w
+ +
w+
+ w

Triceps
1H
r/l

BEF. 5M
r/l
r/l

1H
r/l

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+

w
w
w
w
w
+

-L

+ +

+ +

+ +

+

+
+
+
+
+
+
+
+
+
+ +

-f

+
+
+
+
+

Log: r-right; 1-left; BEF.-before experimental stimulation; 5M-five minutes after experimental
stimulation; IH-one hour after experimental stimulation; - absent response; + present response;
w-weak response.
cn

o
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and one hour of experimental stimulation. Prior to the diagnosis of
pneumothorax, it was weak on prestimulus testing and absent after all
experimental stimulation.
The right biceps reflex was present at all testing except during
one prestimulus evaluation (Table 3). While generally absent during
prestimulus testing, the left biceps reflex demonstrated a trend toward
weak presence after experimental stimulation. During the twenty-eight
hours following clonic activity, it remained absent. It was then present
during all testing on February 16 and 17.
The right triceps reflex was present during all testings (Table 3).
The left triceps reflex was absent during all prestimulus testings and
after all experimental stimulation except the last two.
The right brachioradialis reflex was present during all testing
(Table 3). The left brachioradialis reflex tended to be absent during
prestimulus testing and present after experimental stimulation.
The right and left grasp reflexes tended to be absent during
prestimulus testing (Table 3). The right grasp reflex was present after
all experimental stimulation except prior to the pneumothorax diagnosis.
The left grasp reflex was generally weakly present. It also was absent
prior to the pneumothorax diagnosis. Eight hours after the chest tube
insertion both grasp reflexes were present during all testings.
Babinski reflexes and ankle clonus were not elicited at any time

62

during the test period (Appendix H). The oral, gag, and maxillary
reflexes were present at all times (Appendix H).

Cranial Nerves. When compared with prestimulus diameter, right
resting pupil diameter tended to be larger after experimental stimulation;
their mean diameter was 4.4 mm. (Table 4A). When compared with
prestimulus diameter, left pupil diameter tended to be smaller after
experimental stimulation; their mean was 4 mm. Resting pupil diameters
were most frequently equal after five minutes of stimulation; the mean
was 4.15 mm.
Right and left pupil reflexes to light were consistently present
and briskly reacting throughout all testing except the day of pneumo
thorax diagnosis. They reacted at that time, but were sluggish. The
left pupil diameter mean was 2.4 mm. prestimulus, 2.2 mm. after five
minutes of stimulation and one hour; the right means were 2.4, 2.2 and
2.6 respectively.
The right resting pupil position was either midline or deviated
toward the left, paralyzed side prior to stimulation (Table 4A). After
the stimulation there was a stronger tendency for it to be midline.
Occasionally it deviated away from the paralyzed side. A change in
resting position occurred on five occasions after five minutes of experi
mental stimulation and on six occasions after one hour.
In relation to one another, the pupil resting positions tended to be

TABLE 4A
CRANIAL NERVE RESPONSES IN A COMATOSE PATIENT BEFORE AND AFTER SENSORY STIMULATION
III, IV, VI (Oculomotor, Trochlear,
Abducens)

II (Optic)
Pupil

Day

1
2
3
4
5
6
7
8
9
10

pm
am
pm
am
am
pm
am
pm
am
pm
am
pm
am
am

Diameter
BEF. 5M
r/1
r/1
3
3
3
5
5
5
4
5
2
4
3
5
5
6

3
3
3
3
5
5
3
3
2
4
3
4
4
4

6
6
4
4
3
4
2
4
4
5

6
6
3
4
3
4
2
4
4
5

1H
r/1

66
44
54
55
44
55
55
54
43
63

Position
BEF. 5M
r/1
r/1
O©
©O
O©
©©
©O
O©
3©
O©
30
0©
3©
0©
©O
3©

©O
Q©
3©
©€
3©
3©
€©
©©
©©
0©

1H
r/1

o©
3©
3©
3©
©©
©O
0©
©©
0©
©©

Light Reflex
BEF. 5M 1H
r/1
r/1 r/1
2 2
1 1
2 2
2 3
3 3
3 3
2 2
3 3
11

3 2
3 3
4 3

3
3
2
2
2

3
3
2
2
2

2 2
3 3
3 3

3
2
2
3
2

3
2
2
3
2

3 2
2 2
4 2

Oculocephalic
Reflex
BEF. 5M
1H
r/1
r/1
r/1

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

++

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

Spontaneous
Eye Movements
BEF. 5M 1H
r/1
r/1
r/1

srm
srm
srm
srm

srm

n n
n n
srm
srm
srm
srm
srm
srm
srm

Log: all numbers refer to millimeter values; - absent responses; n-nystagmus; srm-slow roving eye
movements; r-right; 1-left; BEF.-before experimental sensory stimulation; 5M-five minutes after
experimental sensory stimulation; IH-one hour after experimental sensory stimulation.

srm
srm
srm
srm
srm
srm
srm
srm
srm

CD
CO
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skewed and convergent more often than parallel and midline during
prestimulus testing. After five minutes of stimulation, the trend remained
relatively unchanged except that half the skewed positions were
convergent and the other half were divergent. After one hour of stimulation.
half were skewed and convergent while the other half remained parallel
and midline.
During all testing the oculocephalic reflex was absent only once.
during prestimulus testing prior to the pneumothorax diagnosis (Table 4A).
At that time the right pupil remained in its resting position while the left
deviated contraversively.
During prestimulus testing, the right pupillary response of the
ciliospinal reflex tended to be positive while the left tended to be
negative (Table 4B). After five minutes of experimental stimulation.
both pupillary response trends were negative. The trends were less
strongly negative after one hour of stimulation.
Visual fixation and following was first observed in the left pupil
after five minutes and one hour of experimental stimulation during the
tenth stimulation period (Table 4A).

It did not reoccur after one hour of

stimulation nor on prestimulation testing until the fifteenth stimulation
period. Right pupil fixation and following was first observed on all
testing'during the fifteenth stimulation period.
There were no spontaneous eye movements during all baseline and

TABLE 4B
CRANIAL NERVE RESPONSES IN A COMATOSE PATIENT BEFORE AND AFTER SENSORY STIMULATION
V (Trigeminal)

III, IV, VI (Oculomotor, Trochlear, Abducens)

Day

1
2
3
4
5
6
7
8
9
10

pm
am
pm
am
am
pm
am
pm
am
pm
am
pm
am
am

Ciliospinal Reflex
Vertical
Horizontal
BEF. 5M 1H
BEF. 5M 1H
r/l
r/l r/l
r/l
r/l r/l
+
+
+
+
+
+
+
+
-

+ +
+
+
+
+
+
+
+
+ +
+
+ +
+

+ +

+ +
+

+
+
+
+
+
+
+
+
+
+
+ +
+ +

+
+
+
+

+
+
+
+
+
+
+ +
+ +

+
+
+
+
-

+ +

+ +

+ +

Following
BEF. 5M
r/l
r/l

+
+
+
+
+
+
+ +
+ +

1H
r/l

- fwf - fwf
- fwf - - f

+
w+

+ +

+ +

Resting Eyelid
Position
BEF. 5M 1H
r/l
r/l r/l
c c
c c
c c
c c
c c
c c
o o
c c
c c
o o
c/o
c c
o o
o o

o o
c c
o o
o o
o o
c/o
o o
o o
c c
o o

o o
o o
o o
o o
o o
c/o
o o
o o
c c
o o

Spontaneous EyeLid Movements
BEF. 5M 1H
r/l
r/l r/l

+
—
+
+
+
-

+
—
+
+
+
-

+ +

+ + + +
+ + + +
+ +
++
+ +
++
+ +
++
+ +
++
widens + +
+ +
++
+ +

+ +

Log: - absent response; + response present; c-closed; o-open; f-fixation; r-right; 1-left; wf-weak
following; BEF.-before experimental sensory stimulation; 5M-five minutes after experimental
stimulation; IH-one hour after experimental stimulation.
o
cn
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the first two prestimulus test periods (Table 4A). A strong trend toward
slow roving movements developed during the remaining testing.
LH's eyelids at resting positions generally remained closed
during prestimulus observations and opened after five minutes and one
hour of stimulation (Table 4B). After three experimental stimulation
periods, he frequently opened and blinked his eyelids to tactile and
auditory stimulation.

These responses occurred most frequently after

five minutes of experimental stimulation and least frequently during
prestimulus testing.
During prestimulus testing, IH demonstrated no response to a
visual threat, a fast moving object toward eyes, until the sixth stimulation
period (Table 4C). Also during prestimulus testing, he failed to respond
during the stimulation period following clonic activity and prior to the
diagnosis of pneumothorax. After five minutes and one hour of stimu
lation, there was a tendency for blinking to occur.
During early testing and prior to the diagnosis of pneumothorax.
LH‘s facial tone was flaccid (Table 4C).

It progressed to having weak

tone, first occurring after the sixth stimulation period, to good tone.
occurring on the tenth and fifteenth stimulation periods.
During prestimulus testing, LH's tongue was either midline or
deviated to the left (Table 4C). After stimulation, it was consistently
.midline.

TABLE 4C
CRANIAL NERVE RESPONSES IN A COMATOSE PATIENT BEFORE AND AFTER SENSORY STIMULATION
V (Trigeminal)

Day

1
2
3
4
5
6
7
8
9
10

pm
am
pm
am
am
pm
am
pm
am
pm
am
pm
am
am

Visual Threat
(blink)
BEF. 5M
1H
r/l
r/l
r/l

?
+
+
+

- ?
+
? +
- + +
+ +
- +
- ?
+ +

?
+
+
+
+
+
?
+

+
+
+
+
+
?
+
?
+

+
+
+
+
+
?
+
?
+

VII (Facial)

XII (Tongue)
Position

Corneal Reflex

Noxious Stimuli

Tone

BEF. 5M
r/l
r/l

BEF. 5M

BEF.

+
+
+
+
+
+
+
+
+
+
+
+
?
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

1H
r/l

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

w
w
w
w
w
w
w
w
w
w
w
w
w
w

w
w
w
w
w
w
w
w
w ,
w

1H

w
w
w
w
w
w
w
w
w
w

5M

1H

w.

w.
w.
w.

w.
w.

+

+

+

+

w.

w.

w.

+

+

+

BEF. 5M

m
m
m
m
m
m
dl
dl
dl
m
m
dl
dl
m

m
m
m
m
m
m
m
m
m
m

Log: - absent; + present; w-withdrawal; w.-weak; m-midline; dl-deviated toward left; ?-response
elicited only once, no verification; 1-left; r-right; BEF.-before experimental sensory stimulation;
5M-five minutes after experimental sensory stimulation; IH-one hour after experimental sensory
stimulation.

1H

m
m
m
m
m
m
m
m
m
m

CD
^0
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Motor.. Initially LH maintained a moderate decerebrate resting
posture during prestimulus testing (Table 5A). During this time, and
after experimental stimulation, he smacked his lips, blinked frequently
and moved his right arm in a nonspecific manner.

On February 10 and 11,

he actively resisted any attempt by the investigator to change his
posture.

During the third and fourth stimulation period, he sustained a

tense, yet normal, supine position. From the sixth to the twelfth
stimulation period and on the fifteenth one, LH sustained a relaxed
posture.

Slight decerebration was noted on the thirteenth stimulation

period, the day of the pneumothorax diagnosis.
Spontaneous motor activity was noted during prestimulus
observations on the fifteenth stimulation period (Table 5A). At this time
LH was purposefully moving both extremities: scratching his groin and
gripping his chest tube periodically.

More spontaneous activity was

noted after five minutes of experimental stimulation: on the third
stimulation period, he slowly moved his right arm toward his tracheostomy
tube until it rested on the cuff; on the seventh, crossing and uncrossing
both legs were his activity; on the ninth, vigorous chewing was noted;
on the tenth, continuous and random movement of all extremities was
noted; on the fifteenth, he smacked his lips frequently and turned his
head side to side.
During prestimulus observations and following auditory stimulation

TABLf! 5A
SPONTANEOUS MOTOR ACTIVITY BEFORE NEUROLOGICAL EXAMINATION OF A COMATOSE PATIENT
BEFORE AND AFTER A LONG-TERM PROGRAM OF SENSORY STIMULATION
Day
1
2
3
4

pm
am
pm
am

5 am

pm
6 am
pm
7 am
pm
8 am
pm
S am
10 am

Posture at Rest

Before

After 5 minutes

After 1 hour

s. decerebration
s. decerebration
s. decerebration
as positioned by
nurses
s. decerebration
resists change in
position by staff
tense

none

frequent blinking

smacking lips, moving right arm

none

blinking frequently

s. tense
relaxed
relaxed
relaxed
relaxed

none
none
none
none
none

relaxed
s. decerebration
relaxed

none
none
moving both
arms

moves right arm
toward tracheostomy
none
none
moving both legs
chewing
random movement of
all extremities
blinking infrequently
none
smacks lips, turns
head side to side,
grips chest tube,
scratches

Log: s-slight

none
none
none
none

blinking frequently
none
none
random movement of all extremities
none
blinking infrequently
none
gripping chest tube, scratching
groin

CD
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(the question, "What is your name? "), no motor activity was noted until
the ninth stimulation period: all extremities moved in a nonspecific manner
(Table 5B). Failure to respond was also noted from the tenth to the
thirteenth stimulation period. During the fifteenth stimulation period.
his right hand moved toward the speaker while nonspecific movements of
his legs were noted. After five minutes of experimental stimulation and
following auditory stimulation, no motor activity was noted until the
ninth stimulation period, when nonspecific activity of all extremities was
noted.

(He did seem to relax after auditory stimulation on the third.)

He failed to respond on the tenth, twelfth and thirteenth stimulation
periods. Decerebration of the right upper extremity was noted during the
thirteenth period. During the fifteenth period he moved his whole body
toward loud auditory stimulation and released his grip on the chest tube
when so commanded. After one hour of experimental stimulation and
following auditory stimulation, no motor activity was noted until the
ninth period, when nonspecific movements of all extremities were
observed.

(Relaxation was noted on the third period.) Nonspecific

movements of both legs and movement of both arms toward the speaker
were observed on the ninth stimulation period. Loud auditory stimulation
on the thirteenth period elicited purposeful movement of both arms toward
the speaker. LH turned his head and body toward the speaker on the
fifteenth period.

TABLE 5B
MOTOR ACTIVITY FOLLOWING AUDITORY (NAME) STIMULI OF A COMATOSE PATIENT
BEFORE AND AFTER A LONG-TERM PROGRAM OF SENSORY STIMULATION
Left Extremities

Right Extremities

Day

BEF.

5M

1H

r

r

n

n

1-s
n-s

h-s

ds
rg

n-s
t-s

pm
am
pm
am
am
pm
6 am
pm

Lower

Upper

Lower

Upper

BEF. 5M

1H

Other

BEF. 5M

1H

BEF.

5M

1H

1
2
3
4
5

7 am
pm
8 am
pm
9 am
10 am

n

r

r

n

n
n

t-s

n-s
t-s

blinks frequently
yawns
eyes toward
sound
n

n

n
n-s

n

n

n
n

n

hg

t-s

n

t-s

t-s

head- sound
head- sound
grimaced- loud
hyperpnea
head- sound

Log: - none present; n-nonspecific; 1 s-nonspecific movement toward loud stimuli; n s-nonspecific
movement toward normal stimuli; hg-grips hand; rg-released handgrip on chest tube; ds-decerebrate
shivering; r-relaxed.
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OLheractiviti.es followed auditor/ stimulation.

For example.

during the third stimulation period, more frequent blinking was noted;
during the fourth,yawning.

LH turned his head toward all auditory

stimulation during all testing on the ninth, tenth and fifteenth periods.
He grimaced to loud stimuli after experimental stimulation on the twelfth
period.
Observations of spontaneous behavior were made for five minutes
after the neurological examination (Table 50). During all prestimulus
testing through the third test period, waves of decerebrate shivering were
noted, lasting from two to five minutes. Random shifting of both legs
and picking at bed linens were observed during the last stimulation
period. After five minutes of experimental stimulation and after the
neurological examination, his eyes remained open for progressively
longer periods of time.

On the sixth stimulation period he occasionally

and randomly moved his right hand.

Frequent yawning was noted on the

ninth period. On the tenth stimulation period his legs remained in a
rigid position for two minutes and then relaxed. No activity was noted
on the fifteenth period; purposeful movement of all extremities was noted
on the fifteenth period . After one hour of experimental stimulation and
after the neurological exam, LH moved both legs during the first period.
During'the third period his eyes remained open for eleven minutes;
yawning and opening of eyes for four minutes were noted on the fourth.

TABLE 5C
SPONTANEOUS MOTOR ACTIVITY SUSTAINED AFTER NEUROLOGICAL EXAMINATION OF A COMATOSE PATIENT
BEFORE AND AFTER A LONG-TERM PROGRAM OF SENSORY STIMULATION
Day
1 pm

2 am
3 pm
4 am
5 am
pm
6 am
pm
7 am
pm
8 am

pm
9 am
10 am

Log:

Before
After 5 minutes of stimuli
waves of s. decere
bration lasting 2-3
minutes
greater decerebration
2 minutes
s, rigidity, hyperpronation
2-4 minutes
s. decerebration,
2 minutes
s. decerebration,
eyes closed within 3 0 seconds
2-4 minutes
eyes closed within
blinking, eyes open several
30 sec.
minutes after end of stimuli
none
eyes open-6 minutes
none
nonspecific movement of
right hand
none
blinking
eyes open - 2 min.
yawning, blinking - 3 min.
does not return
lower extremities rigid - 2 min.
extremities to
original position
eyes open - 2 minutes
none
waves of shivering
none
random shifting of
turns head toward sounds,
both legs, picking
purposeful movement of all
at sheets
extremities

s-slight.

After 1 hour of stimuli

moved both legs 2 min. after end
of stimuli
eyes open 11 minutes after end
of stimuli
yawning, eyes open - 4 minutes
eyes open-10+ minutes
blinking for 10 minutes
random movement of all extremities
none

eyes open - 5 minutes
none
purposeful movements for
2 hours

CO
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His eyes continued to stay open for progressively longer periods of time.
Random movements of all extremities were noted on the ninth; no activity
was noted on the tenth and thirteenth; purposeful movement on the
fifteenth.

Sensory. During prestimulus observations and following noxious
stimulation of the right upper extremity, waves of decerebrate rigidity
occurred during baseline testing and on the first stimulation period
(Table 6). Nonspecific movement was noted on stimulation period three.
four and seven; purposeful movement with localization was noted on all
other occasions except on the thirteenth period, when the extremity was
flaccid and nonrespons ive. After five minutes of experimental stimulation
and following experimental stimulation, adduction and left arm movement
toward site of stimulation occurred on the first and fourth stimulation
period. Movement toward the tracheostomy occurred on the third;
purposeful movement and localization was noted on all occasions except
the thirteenth, when waves of decerebration occurred. After one hour of
experimental stimulation and following noxious stimulation, adduction and
hand grasp of the right hand was noted on the first and third period.
Withdrawal was noted on the fourth; all other responses were purposeful
and localizing.
During prestimulus observations and following noxious stimulation
of the right lower extremity, waves of decerebrate shivering occurred

TABLE 6
SENSORY RESPONSES TO NOXIOUS STIMULATION IN A COMATOSE PATIENT
BEFORE AND AFTER SENSORY STIMULATION
Left Extremities

Right Extremities
Upper
Day

BEF.

1
2
3
4
5

d
d
d
d
d
n
n
?P
wn
pi
Pi
f
wpl
Pi

6
7
8
9
10

pm
am
pm
am
am
pm
am
pm
am
pm
am
pm
am
am

Upper

Lower
5M

a-s
?P
a-s
Pi
pi
Pi
Pi
Pi
dp
Pi

1H

a/hg
?P
w.

Pi
pi
Pi
Pi
Pi
Pi
Pi

BEF.
d
d
d
d/n
d/n
n
n
n
wn
Pi
Pi
f
wn
Pi

5M

pH

d/j
n

n/ s
n

w.
w

w.
w.

pi
Pi
pi
Pi

pi
Pi
Pi
Pi
Pi
Pi

w.

Pi

BEF.
f
f
f
f
f
f
f
wn
f
f
f
f
f
w

Lower
5M

a-s
wn
a-r
n
wn
f
f
f
f
n

1H

whg
r

n
wn
wn
wpl
f
f
wn
w

BEF.

5M

1H

d
d
d/n
d/n
d/n
n
n
n
f
n

d/n
n

n
n

w.
w.

w.
w.

wpl
f
f
f

wn
P
f

w.

f
f
ww.

n

Log: w-weak; n-nonspecific; d-decerebrate positioning; a-s-adduction and movement toward stimuli;
p-purposeful; 1-localization; f-flaccidity; j-jerky; hg-handgrip present; d/n-decerebrate-like
shivering, nonspecific in nature; r-rigidity; w.-withdrawal; s-hypersensitive; BEF.-before
experimental sensory stimulation; 5M-five minutes after experimental stimulation; IH-one
hour after experimental stimulation.
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during all testing until the third stimulation period.

Nonspecific

response occurred during the third, fourth, sixth, seventh and thirteenth;
flaccidity and nonresponsiveness was noted on the twelfth; purposeful
movement and localization were noted on ninth, tenth and fifteenth.
After five minutes of experimental stimulation, decerebration was noted
during the first period.

Nonspecific responses occurred on the third;

withdrawal on the fourth, sixth and thirteenth; purposeful movement with
localization on the seventh, ninth, tenth, twelfth and fifteenth. After
one hour of experimental stimulation, nonspecific responses were noted
during the first and third period. Withdrawal occurred on the fourth and
sWth; purposeful movement with localization was observed on all other
occasions.
During prestimulus observations and following noxious stimulation
of the left upper extremity, flaccidity and nonresponsiveness were noted
on all occasions except on the sixth stimulation period, when a weak
nonspecific response occurred; and on the tenth and fifteenth, when
withdrawal responses were observed. After five minutes of experimental
stimulation, adduction and rigidity were noted on the first and fourth.
Nonspecific responses were noted on the third, sixth and fifteenth; weak
withdrawal on the seventh; flaccidity was observed on all other occasions.
After one hour of experimental stimulation, nonspecific responses to
noxious stimulation of the left arm were observed on the first, third.
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thirteenth and fifteenth. Withdrawal responses were noted on the fourth,
sixth and seventh; purposeful responses on the ninth; flaccidity on the
twelfth and thirteenth.

Electroencephalographic Findings

Visual. Gradual electroencephalographic (EEG) changes were
noted across the days of testing (Figures 1, 2, 2B, 3, and 3B; Table 7).
No specific remarkable changes occurred after any stimulation period.
However, the tracings indicate a trend toward slower rhythms after five
minutes of experimental stimulation and similar to prestimulus rhythms
after one hour of stimulation. While theta and beta waves were pre
dominant during early testing days, no beta waves were present and
theta waves were better formed in the last tracings.
Spikes tended to be more prominent during the middle days of
testing.

In early tracings the rhythms of the left monage appear to be

slower than the right; latter tracings demonstrate no apparent difference
between left and right. By the last day of testing, the EEG demonstrated
better formed, better organized and higher frequency waves.

Spectral Analysis. Spectral analysis of the EEG demonstrated a
gradual trend toward increased amplitude and increased frequency
activity over the days of testing (Figures 1, 2, 2B, 3, and 3B; Tables
8A, B and C). After five minutes of experimental stimulation, there was
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TABLE 7
ELECTROENCEPHALOGRAM OF A COMATOSE PATIENT BEFORE AND AFTER SENSORY STIMULATION
Day
1 pm
2
3
4
5

am
pm
am
am

After 5 minutes of stimuli
Before
poorly formed theta
and delta waves
possibly slower on left
no change
spiking bilaterally (rt>lt)
possible shift from 3 cps to
no change, no spikes
4-6 cps activity

pm
6 am
pm
7 am

pm
8 am
pm
9 am
10 am

slightly slower
some increase in 6-7
cps
poss. some spiking; prominent slowing
prominent theta & beta suggestion of slower activity
waves; some spikes
shift to faster theta than formerly
prob. poorly formed alpha
good 6-7 cps activity
good 7 cps activity
slower than 8 am
no change
no change
better formed, no delta .better organization

After 1 hour of stimuli

more delta and theta on It.
no basic change; poss. more
spiking
looks more nearly awake pattern

more like control with faster theta
poss. more spiking
not as well formed as before
no change

SUMMARY: better formed, better organization, and increased frequency in last tracings; theta improved form
no delta in last tracings
spikes are more prominent in middle days but not on first and last tracings
slowrer activity after 5 minutes of stimuli, similar to control after one hour
CO
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TABLE 8A
SPECTRAL ANALYSIS OF EEC OF A COMATOSE PATIENT BEFORE AND AFTER SENSORY STIMULATION
RIGHT MONTAGE
Day
1
2
3
4
5
6
7
8
9

pm
am
pm
am
am
pm
am
pm
am
pm
am
pm
am

10 am

Before
After 5 minutes of stimuli
0-8 Hz high amp; 8-16 Hz low amp.
0-8Hz mod. amp; 8-16 Hz low
0-5 Hz high amp.
0-16 Hz mod. amp.
0-6 Hz ha; 6-16 la
0-8 Hz ha; 8-16 la
0-8 Hz ha; 8-16 Hz a
no change
not available
not available
0-6 Hz ma
0-8 Hz ha; 8-16 la
0-8 Hz depressed
no change, slight a
0-6 Hz depressed
no change, slight a
0-4 Hz depressed
0-6 Hz ma; 6-16 Hz la
0-6 Hz ma; similar
0-6 Hz ma++; 6-16 similar to
to 7 pm
8 pm after 5 min
0-6 Hz ha; 6-16 Hz ma no change, a with time

After 1 hour of stimuli

0-6 Hz ha; 8-16 la
0-6 Hz ha; 6-16 Hz no change

0-8 Hz ha with time; 8-16 la
no change from control
similar to baseline
similar to 5 min after stimuli
similar to 5 min after stimuli
no change
no change. a with time

SUMMARY: 0-8 Hz high amplitude, depressed days on 7 am, 7 pm, 8 am and 8 pm
8-16 Hz moderate amplitude, greatest in last tracings
greater amplitude and greater frequency activity in last tracings
greater amplitude and greater frequency after 5 minutes of stimuli
Log: ha-high amplitude; ma-moderate amplitude; la-low amplitude
CO

TABLE 8B
SPECTRAL ANALYSIS OF EEC OF A COMATOSE PATIENT BEFORE AND AFTER SENSORY STIMULATION
LEFT MONTAGE
Day
1 pm
2 am
3 pm
4 am
5 am
pm
6 am
pm
7 am
pm
8 am
pm
9 am
10 am

Before
1-8 Hz ha
2-4 Hz ha, with time
0-4 Hz ha, with time
0-2 Hz ha, 4-16 Hz la
0-6 Hz ha
0-4 Hz la
0-6 Hz ha
. 5-6 Hz ha
0-6 Hz ha (lower
than 6 pm)
0-8 Hz depressed
0-3 Hz ha (depressed)
0-7 Hz depressed
0-7 Hz depressed
0-6 Hz ma, 6-16 Hz la

After 5 minutes of stimuli

After 1 hour of stimuli

0-5
0-5
0-6
0-4
0-8

0-6 Hz (greater than before)
0-16 Hz a greater
0-5 Hz a, less 6-16 hz
0-6 Hz ha
0-8 Hz (somewhat higher ampl,)

Hz
Hz
Hz
Hz
Hz

ha,
ma
ha;
ha,
ha,

with

amp

some 6-16 Hz la
4-8 Hz la
8-16 la ( with time)

2-6 Hz ha, 6-16 Hz la
0-6 Hz depressed
.0-6 Hz ha, 6-16 Hz la
0-8 Hz ha (slightly depressed)
0-16 ma a with time

2-4 Hz ha, 6-16 Hz la
0-4 Ha depressed
0-6 Hz ha, 6-16 Hz la
0-5 Hz ha (slightly depressed)
0-16 Hz ma a with time

SUMMARY: 0-4 Hz moderate amplitude, depressed days on 8 am, 8 pm and 9 am
8-16 Hz moderate amplitude, greatest in last tracings
increased frequency and greater amplitude after 5 minutes of stimulation
increased amplitude and greater frequency in last tracings
in last tracings first half after 5 minutes of stimuli and second half after one hour similar
to baseline; second half after 5 minutes of stimuli and first half after one hour have
greater amplitude and increased frequency activity
Log: ha-high amplitude; ma-moderate amplitude; la-low amplitude; a-amplitude

CO
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TABLE 8C
COMPARISON OF SPECTRAL ANALYSIS OF RIGHT AND LEFT EEG MONTAGES OF A COMATOSE PATIENT
BEFORE AND AFTER SENSORY STIMULATION: SUMMARY

greater amplitude and frequency on right montage than left in last tracing
greatest amplitude depression on left on day 9 am and on right on 7 pm
(bilateral depression on 8 am and pm)
greatest amplitude and frequency on last tracings

CO
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a tendency for increased amplitude of all frequencies with no remarkable
shift of the dominant frequency. Analysis of early prestimulus data
illustrates a predominant right 0-8 Hz frequency with low amplitude
8-16 Hz activity and a left 0-4 Hz frequency with low 4-16 Hz activity.
Analysis of the last day's data illustrates a greater predominant right
0-6 Hz frequency with moderate amplitude 6-16 Hz activity and
predominant left 0-6 Hz frequency with moderate 6-16 Hz activity.
Overall amplitude depression was noted during the middle days. The
analysis of the left frequency profile on the last day revealed amplitude
shifts of all frequencies within the testing interval: the prestimulus
spectral data, the first half of the spectrum after five minutes of
stimulation, and the second half after one hour demonstrate similar
amplitudes and frequency activity while the second half of the spectral
data after five minutes of stimulation and the first half after one hour
demonstrate greater amplitudes of all frequencies.

DISCUSSION

The data indicate that behavioral changes occurred during the test
period.

Behavioral changes are condensed into those occurring after five

minutes and one hour of experimental stimulation, after loud auditory
stimulation, and on the eighth, twelfth and thirteenth stimulation
periods.
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After Five Minutes of Experimental Stimulation
Across the days general behavioral changes after five minutes of
experimental stimulation include a drop in blood pressure, the
appearance of previously absent reflexes of the left extremities, equal
constricted resting pupil diameters from unequal resting pupils, midline
resting right pupil position from a deviation toward the left, an absence of
previously present right ciliospinal reflex, the abolition of oculocephalic
reflex, return of visual fixation and following, appearance of slow roving
eye movements as well as spontaneous blinking to auditory and tactile
stimulation, improvement in facial tone, and, from decerebration,
spontaneous and purposeful motor activities of all extremities and head
in response to auditory and tactile stimulation. Although more extensive
parameters (e.g. , blood pressures, reflexes) were reported in this study
and, although differences in methodology were present (e.g • / direct
electrical stimulation of RF), these findings are in general accord with
Hassler (1969, 689; 1969, 306; 1970) and Dieckmann (1968).
Physiological Parameters. The lack of heart rate and respiratory
rate trends support the recent work of Galin and Lacey (1972). They were
able to demonstrate that reticular stimulation may have no effect on heart
rate, or be associated with heart rate decreases as suggested by Malmo
(1959) and Hahn (1971).
In this study, the tendency toward a decrease in blood pressure
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after five minutes of experimental stimulation failed to support their
thesis that blood pressure is not affected by reticular stimulation. A
major experimental difference exists between the two studies which raises
several possible explanations for the divergent findings.

Normal

subjects and animals where studied by Galin and other researchers
while the subject of this study presumably had minimal cerebral and/or
reticular function. As both pressor and depressor points have been found
in the reticular formation (Enoch, 1967), it is possible that an effective
number of pressor points were depressed in LH, thus producing a net
decrease in blood pressure.

If this postulate is correct, one would

expect to see the decrease trend lessen as reticular arousal improved.
Although this alteration was not demonstrated here, it may in fact be
demonstrated in other studies of larger sampling size and longer duration.
Another possible explanation for the decrease in blood pressure
is that the bareoreceptor reflex is influenced by the RF and/or the
cerebral cortex via a reticulo-cortico-reticular feedback mechanism.
Although Galin and Lacey felt that reticular facilitation of this reflex was
not confirmed in their study, it is conceivable that cerebral influence
affected and/or altered reticular facilitation in their subjects.

In this

study it was possible that reticular pressor points were functional and
descending inhibitory cerebral influence altered their activation.
Cortical inhibitory descending pathways still remain largely unidentified
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(Jouvet, 1967). Cerebral influence of depressor points might also result
in the decrease trend.
Reflexes. Excitation of a pathway of synaptic connections made
by particular neurons with other neurons which results in a relatively
stereotyped response is known as a reflex (Willis et al, 1973, 100). The
stretch reflex is elicited by a rapid distortion of primary endings about
intrafusal fibers that produces a nearly synchronous burst of impulses to
the motoneurons of that muscle and its synergists and results in a
phasic contraction of the extrafusal muscle fibers. In certain disease
states this reflex is modified by either excitatory or inhibitory input.
Descending reticulospinal neurons are excited by cortical volleys via
corticofugal fibers to relay areas in the thalamus and reticular formation.
and synapse on either interneurons or motoneurons.

The loss of cortical.

subcortical or brainstem influence on reticulospinal neurons may result in
hemiparesis (Rossi et al, 1957; Bannister, 1969, 80).
On prestimulation testing LH demonstrated unconsciousness and
abnormal cranial nerve function. Therefore, it was probably that his left
hemiparesis was related to the same pathology, viz. , dysfunction of the
brainstem and, possibly subcortical relay centers. After five minutes of
stimulation, a progressive pattern from absent-to-weak-to-normal biceps
and grasp reflexes was reported. This data supports the possibility that
reactivation of depressed neurons by cortical volleys initially occurred.
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It is unlikely that spinal shock is responsible since hyperactive reflexes
were not observed throughout the total test period (Willis, 1973).

It is

also unlikely that these initial responses are related to touch and
conditioning. If they were, one would have observed responses earlier
in LH's hospitalization since reflex testing had been conducted multiple
times a day throughout his illness.
The data, weak-to-normal reflexes following long-term repetitive
stimulation, remind one of the work of Bliss and Lomo (1973). They
examined the aftereffects of repetitive stimulation to the rat hippocampal
formation. The amplitude of the population epsp, and the amplitude and
latency of the population spike were all potentiated in 29% of the experi
ments; the latency was reduced in 57%, the amplitude of the epsp was
increased in 43%, and of the population spike in 40%. They propose that
the results suggest an increase in the efficiency of synaptic transmission
and an increase in the excitability of the cells.
Bouton and spine enlargement is thought to increase synaptic
effectiveness (Kosower, 1973) and stability (Harris, 1971). It is at this
point that touch and conditioning may have reinforced impulse transmission.
With successful impulse transmission from descending pathways to
motoneurons, the strength of cerebral control is thought to be increased
(Harris, 1971). This data appears to conform to these concepts at the
end of testing when, following a brief period of clonic activity and
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hypoxemia, the again absent brachioradialis and grasp reflexes
immediately returned and in full strength.
Prestimulation absent right grasp and left brachioradialis reflexes
which returned full-strength immediately after the first five minutes of
stimulation do not support the previously discussed suppositions.
Transient decreases in cerebral blood flow (CBF) and in oxygen consump
tion (CMRO2) following concussive blows are well-documented and result
in depression of neuronal electron transport system (Meyer et al, 1964).
Reversible paralysis is the behavioral sequia. Direct stimulation of the
brainstem will alter regional blood flow and oxygen consumption in
appropriate directions (Himwich et al, 1969; Meyer et al, 1971).

The

immediate reversal of paralysis after experimental stimulation as seen
in this study presumably implicates the resumption of adequate CBF and
CMR02 in the RF.
Cranial Nerves. Pathways for ocular reflex pathways lie adjacent
to reticular sites. Therefore, gross and subtle oculomotor abnormalities
and two important reflexes (light reflex and ciliospinal reflex), provide a
guide to our knowledge of physiological changes in brainstem areas
(Willis, 1973 , 135).
Dilation and constriction of pupils are controlled by the sympathetic
and parasympathetic nervous systems (Netter, 1968). Whereas evidence
suggests cerebral control, sympathetic pathways are traced from the
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hypothalamus and transverse the entire brainstem (Plum, 1966, 79).
Sympathetic stimulation contracts pupillodilator muscle and produces
vasoconstriction in radially arranged arteries of the iris (Plum, 1966, 19).
Parasympathetic pathways can be traced from the pretectum. Whether
or not it has cerebral representation is unknown. Parasympathetic
stimulation contracts pupilloconstrictor fibers, producing pupil
narrowing. The resting pupil represents a balance between the two.
LH demonstrated pupils with varying resting pupil diameter which
equalized after five minutes of stimulation. The data implicates
increased parasympathetic tone or decreased sympathetic tone after
stimulation. Cerebral hemisphere depression results in pupil constriction
via sympathetic pathways and both occipital and frontal lobes. Pretectal
stimulation results in pupil constriction via parasympathetic pathways
(Plum, 1966, 21). The data in this study intimates the ladder mechanism
in LH. The consistent presence of bilateral direct light reflex is against
severe localized and/or metabolic neuronal depression (Plum, 1966, 25).
Resting dysconjugate lateral position of the eyes with inward
deviation of the involved one results when unilateral abducens paralysis
occurs (Plum et al, 1966, 32). Eyes directed straightahead indicate
intact extraocular muscle pathways. Prestimulus testing revealed a
resting right pupil position deviation toward the left, paralyzed side.
After five minutes of experimental stimulation, the effect was toward a
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midline right pupil position. As suggested earlier, the data implicates a
reversible paralysis possibly due to appropriate regional cerebral blood
flow shifts and resumption of adequate metabolic activity.
Since rCBF is a dynamic physiological mechanism, closer exami
nation of data is particularly interesting. The appearance of outward
deviation which randomly occurred on three occasions after stimulation
indicates oculomotor nucleus depression as discussed earlier. This
lends additional support to the premise that increased rCMRC>2 preceded
by transient rCBF shifts is the underlying mechanism of physiological
change and tends to preclude the possibility of functional regeneration.
Depression of the adjacent supranuclear pathways will result in upward
vertical dysconjugate gaze paralysis (Plum et al, 1966).

On the same

three occasions, such a paralysis was evident, thus providing additional
incriminating evidence in favor of rCBF shifts.
Anatomically the ciliospinal reflex is the result of impulses
traveling one of two pathways: either through 1) sympathetic efferent
fibers activated at the hypothalamus by pain afferents or through 2) path
ways up the brainstem to inhibit the Edinger-Westphal parasympathetic
outflow (Plum et al, 1966, 22). Thus pupillary dilatation is evoked by
noxious cutaneous stimulation of the neck. This response tends to be
minimal during wakefulness and more prominent during unconsciousness
unrelated to brainstem damage.
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The data of this study indicate present right and absent left
ciliospinal reflexes during prestimulation and absent right and left
reflexes after five minutes of stimulation. Present-to-absent right
reflexes indicates some confirmation of an aroused state change.
Pupil dilation will also occur in midbrain pretectum depression. One
would then expect to see a correlation between present-to-absent
ciliospinal reflexes and midline-to-outward resting position deviation.
On the first occasion of outward deviation, no such relationship was
evident.

On the second occasion absent ciliospinal reflex and outward

deviation was observed. Also systemic hypoxemia and metabolic
alhalosis were present (Appendix H, page 156).
A negative ciliospinal response of the left pupil during prestimulus
testing may indicate oculomotor nuclei depression rather than a state of
change in arousal. The reasons for positive left reflexes on two
prestimulus occasions and once after stimulation are unknown. If
rCBF shifts increased rCMRC^ and resultant reversible paralysis were the
underlying mechanism, the presence outward pupillary deviation would
substantiate it. According to the data, deviation was not present on
those three occasions.
The oculocephalic reflex (Doll's Head Eye Phenomenon) is the
result of either vestibular and/or neck proprioceptor stimulation when
the individual's head is vigorously rotated from side to side.

Its
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physiological basis is debatable (Jadhav, 1971).

Empirically it is

absent in severely unconscious patients and present or inconsistent in
more aroused persons (Plum et al, 1966, 29).
LH demonstrated an absent oculocephalic reflex only once: in
prestimulus testing on the day of the pneumothorax diagnosis.

Other

data verify metabolic disturbances on this day (Appendix I, page 157).
However, the presence of the oculocephalic reflex after stimulation on
that day may denote an improved state of arousal.
Impulses traveling from the occipital and temporal cortex via
corticofugal fibers descending through the internal capsule into the
brainstem and then via parasympathetic fibers to eye are involved in
visual fixation (Plum et al, 1966, 25; Willis et al, 1973, 270). Visual
input to the occipital and temporal cortex travel via the optic nerve through
the brainstem and thalamus (Carpenter, 1972, 1964; Netter, 1968, 67).
Whether this is a reflex is debatable.
In the case of eye tracking movements, visual input is processed
to the frontal motor cortical field. To maintain fixation, compensatory
rotatory movements of the head and neck are also influenced by information
from utricle-otolith receptors in the labyrinth of the semicircular canals
(Carpenter, 1972, 161; Willis et al, 1973, 296). Neurophysiological
details of how they act are poorly known.
Depression of any part of these complex afferent and efferent
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pathways and/or occipital and temporal cortex produces disturbances in
fixation and following.

LH exhibited such disturbances: fixation was first

noted in the left eye and after stimulation during the tenth period;
following was noted on the last stimulation period. As previously
discussed, abnormal eye movements implicating dysfunction of the
oculomotor nuclei, abducens and supranuclear pathways, midbrain
pretectum and cerebral cortex were exhibited at various times through the
thirteenth stimulation period. Close data examination reveals fixation
present four times when normal eye movements are also present (all after
stimulation) and once when inward deviation was present (on prestimulus
testing). As was expected, following was present only when fixation was
present. The data supports the concept of altered rCMRC2.
The eyes of unconscious patients with intact brainstem oculomotor
function often rove spontaneously with slow, random and horizontal
deviations. They are not present when the brainstem is deeply depressed.
Spontaneous nystagmus is uncommon since the quick phase depends on
interaction between oculovestibular system, cerebral cortex (Plum et al.
1966, 30) and an intact reticular formation (Jadhav et al, 1971, 391).
Whereas LH's spontaneous eye movement pattern went from absentto~nystagmus to slow-roving behavior, it eludes explanation. The
presence of nystagmus early in testing after stimulation suggests a more
aroused state than the later occurring roving eye movements. The three
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' isolated instances of absent eye movements also escape interpretation.
Blinking is controlled by the orbicularis oculi extrinsic muscle of
the eye and is supplied by the facial nerve (Willis et al, 1973, 261). The
motor axons of the facial nerve pass from the nuclei located in the pons
dorsomedially, bend sharply rostral just dorsal to the abducens nucleus
and then run ventrolaterally as they leave the brainstem. Afferent and
other input links which activate the facial motoneurons are trigeminal
nerve, motor cerebral cortex and extrapyramidal system.

More specifically,

sensory stimulation of cornea produces activation of the trigeminal
afferent nerve and results in a reflex blink (Willis et al, 1973, 371). The
muscles of facial tone are also supplied by the facial nerve.
The data indicate an intact corneal reflex throughout all testing
and a progressive spontaneous blink response first to generalized
touch (of any extremity) and later to auditory stimuli. Eyelids were
generally closed during prestimulation and open after stimulation. There
is no correlation between resting inward dy scon jugate lateral positions
of the eyes and the resting eyelid position or spontaneous eyelid movements.
These data suggest that, if transient rCBF shifts produced a decreased
rCMR02 at the site of the abducens nucleus, it did not extend to the
adjacent facial nerve pathways.
The gradual progression of spontaneous eyelid movements
implicates progressively more aroused, responsive and functional
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brainstem pathways. The progression of facial muscle tonus from absentto-weak-to-normal supports this also. Without extracellular and
intracellular data, one can only guess as to the underlying physiological
mechanism. Certainly these data do not preclude functional regeneration
of synaptic pathways. It does insinuate increased arousal of the cerebral
cortex.
At first glance one could also offer the progressively developed
trend of a blink response following a visual threat as additional
documentation of increased cerebral function. Caution must be exercised
in this case though, A blink can be readily elicited by an airpuff and it
is feasible that the rapid movement of a hand toward LH's face may have
produced an adequate air current to produce such a reflex blink (Brackbill
et al, 1969, 195).

If this were the mechanism involved, the data would

seem to indicate again a more sensitive afferent link and/or more aroused
cerebral cortex after stimulation.
Unilateral hypoglossal nerve depression results in deviation of
the tip of the tongue to the side of the injury. Its nucleus is located in
the brainstem and its motor axons run ventrolateral.

Its afferent supply

includes afferent fibers of other cranial nerves and corticobulbar fibers
from the cerebral cortex (Willis et al, 1973, 372).
Tongue deviation toward the left was observed only during
prestimulation. No apparent correlation between reflex behavior and
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tongue deviation could be established. These data imply an alteration
in corticobulbar and cortex influence after stimulation.

Motor. Decerebration is associated with midbrain, upper
brainstem and/or lower thalamic depression.

"... Observation as well

as the experimental studies . . . imply that decerebrate rigidity in man
requires at least partial and bilateral separation of midbrain-pontine
structures from more rostal neural influences" (Plum et al, 1966, 37).

In

general it is the result of a disturbed balance between descending
excitatory action and inhibitory action of extensor motoneurons, with the
balance shifted toward excitation (Peterson, 1971). Decerebration
removes the inhibiting control of the descending reticulospinal system
which influences flexion reflex interneurons (Willis et al, 1973, 286).
Tactile and/or noxious stimulation sometimes elicits fragments of the
decerebrate response in the lesser severely ill patient.
While LH's resting posture during the early prestimulus observations
was decerebrate, his posture after behavior testing was an exaggeration
of his previous posture. Auditory stimulation elicited no response except
occasional hyperpnea. The shift from a decerebrate to a tense posture
following the first and second experimental stimulation period appears to
reflect a. more stabilized, more inhibitory (or less excitatory) balance
between descending excitatory and inhibitory actions of extensor motoneurons.

Pretest observations indicate that such a balance had previously

101
been displayed, although not consistently. Whether the repetitive
stimulation in this study contributed in some unknown way to this
stabilizing process is beyond speculation and fact.
Nevertheless, these data do stimulate some interesting thoughts.
For instance, if repetitive stimulation did in fact establish preferential
conduction pathways to the cerebral cortex, or if such stimulation
resulted in temporal summation of afferent stimuli sufficient enough to
stimulate depressed pathways and/or cortex thereby eliciting cortical
stimulation of previously associated but depressed or regressed
motoneurons and their synaptic connections, one might then observe
such stabilization toward a more normal balance between excitatory and
inhibitory actions. In an exquisite research study Goddard (1969) found
that a permanent change in brain function of rats and monkeys resulted
from daily low-intensity subcortical stimulation. He also found that
this change could be elicited in one-tenth the original time of develop
ment when no experimental stimulation had been provided for previous
three months.

Intuitively one would not suggest that the short duration

between repetitive auditory stimulation and stabilization of responses in
this study reflected a similar process of rekindling, as it is called by
Goddard.
However, it is now well recognized that almost all neural cells
at the highest levels of the nervous system are spontaneously active
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(Thach, 1972). Consider the "unconscious" patient with the depressed
reticular activating system.

Suppose the intrinsic mechanisms which we

are unable to measure presently included continual discharging of cerebral
impulses that were maintaining synaptic relationships, climbing fibers
and/or memory engrams. The problem of unconsciousness is then a matter
of logistics: gaining entry into the cortex and effecting retrieval of
responses. That is, the problem could be removing or bypassing the road
blocks. By re-establishing adequate rCBF which will sustain adequate
rCRMC2 in RAS cells, metabolic support for neural activities such as
excitation, impulse transmission, functional synaptic regeneration and
growth of boutons and spines in injured RAS terminals may be possible.
Within this construct it is conceivable to hypothesize that
repetitive long-term stimulation may trigger the retrieval process of
memory and behavior. The continued presence of memory in the intact
cortex does not seem beyond possibility since certain behaviors are
performed continually throughout life and since the endurance and
vividness of memories is an experience all of us know.

"In my

experience . . . striking(ly) remembered events are re-experienced to
a fantastic degree," according to Eccles (1973, 184).
Inevitably, one must acknowledge that the neurophysiology is not
so simple. Re-establishing adequate rCGF which will support adequate
rCRMC>2 does not guarantee resumption of behavior.

Moreover, a gradual
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normalization of brain metabolism may take place in some patients, but
in others cerebral spinal fluid metabolic acidosis and anaerobic glycolysis
for brain energy production may persist (Zupping et al, 1972). There may
in fact be no correlation between CBF and neurological behavior (Bruce et al.
1972).

New surgical techniques (superficial temporal to middle cerebral

artery anastomosis) to improve brain perfusion have also showed
inconsistent correlation between CBF and behavior changes.

For example.

in one study of fifteen patients who experienced this surgical procedure.
eight had "clinical improvement," five had no behavior changes and one.
operated upon during a stroke in evolution, was not helped by surgery
(Peerless, 1973). The same neurosurgeon has since operated upon a
second patient during a stroke in evolution and had the same result
(Peerless, in personal communication, 1973).
Regeneration of neurons in the central nervous system, including
central monoamine fibers, via sprouting or growth of terminals from
adjacent fibers into deafferented zone is well documented in literature
(Allerand, 1969; Katzman et al, 1971; Raisman, 1969).

Nevertheless,

regeneration and functional synapse restoration remains unpredictable
(Rose et al, 1960). The ability of regenerating axons to reach the neurons
to which they have affinities, i.e. , specificity, may ultimately determine
the success of functional regeneration (Allerand, 1969; Garber et al, 1972).
Unquestionably adequate vascularity also is an important factor in any
regeneration.
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Furthermore, the role of afferent input is questioned by some
researchers. Various electrophysiological events and cellular character
istics have been attributed to repetitive afferent stimuli. For example.
Willey and Freeman (1968) demonstrated decreased post-tetanic
potentiation which was preceded by reduced amplitude and duration of the
first surface-negative wave of evoked potentials from the prepyriform
cortex of cats following prolonged electrical stimulation. Decreased
motoneuronal nuclear and cytoplasmic volume have been obtained
following prolonged exercise in rats (Geinismann, 1971). Many believe
synapses change in strength according to their success rather than
according to the number of times they fire themselves (Gragg, 1969;
Griffith, 1966; Harris, 1971; MacGregor, 1972; Norton, 1972).

Finally,

Brander (19 71) reported that retinal afferent input "has surprisingly little
influence on the development of dendrites of lateral geniculate nucleus
following deafferentiation" (p. 48).
The underlying mechanisms which resulted in LH's behavior
changes remain an enigma. Certainly one could even suggest that the
major portion of LH's motor behavior, spontaneous and elicited, failed
to provide conclusive evidence of perceptive interaction with the
environment. Even though LH smacked his lips and chewed, his failure
to attempt to communicate through speech is significant. However, on
the last day of testing some remarkable motor behavior was noted. After
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five minutes of experimental stimulation, he spontaneously and periodically
scratched his groin, gripped his chest tube and turned his head and body
toward persons speaking his name. Twice he released his lefthanded
grip of the chest tube on command.

Such behavior does indicate higher

cerebral integrative behavior and a greater state of arousal.
Somewhat surprisingly spontaneous motor behavior was noted in
the left upper and lower extremity after experimental stimulation. During
prestimulus testing, even as decerebrate positioning of the right
extremities was noted, the left ones remained flaccid and apparently
hemiplegic. A gradual and progressive trend of weak nonspecific to
slow purposeful spontaneous movement of the left developed after
experimental stimulation. On the last day of testing, such behavior
was noted on prestimulus testing. Auditory stimulation was the only
consistent stimulus having a repetitive, sequential nature applied in
this study. The incidence of increased frequency of normal movements
of left extremities correlated with decreased frequency of exaggerated
movements of right extremities implicate increased cortical arousal and
influence. Interestingly, research has found that movements can also be
correlated with increased emotional activity (Willis, et al, 1973, 287).

Sensory. Receptors for noxious stimuli have not been clearly
identified in the skin (Eyzaguirre, 1969, 90). The afferent fibers
involved are either small myelinated, fast-conducting delta fibers and/or
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unmyelinated, slow-conducting C fibers. These synapse in the lamina 1
nuclei and fibers contralaterally ascend to the posterior intralaminar and
ventrobasal complex of nuclei in the thalmus (Willis et al, 1973, 227).
Simultaneous activation of mechanoreceptors that project via dorsal
column pathway is a Iso thought to occur. Processing of information
occurs at this level with motoneuron withdrawal reflex efferents and
afferent projection fibers to cerebral cortex, particularly the upper margin
of the sylvian fissure posterior to the central sulcus (Sll). Responsive
ness of some neurons is related to descending cortical activity and state
of conscious.
Data in this study indicated a pattern of response to noxious
stimulation of the right extremities. Responses proceeded from
exaggerated decerebration-to-nonspecific-to-localization motor activity
after experimental stimulation. Nonspecific responses occurred most
frequently during the early, prestimulus examinations. Thus, the data
indicate a progressively high order descending cortical influence on
responses to noxious stimuli.
The responses of the left extremities varied and no specific
pattern emerged. These data verify the presence of transient afferent
pathway depression and failure to transmit noxious sensory input to
higher order neurons. Efferent depression is unlikely since the left
extremities demonstrated not only spontaneous behavior but positive
responses to auditory stimuli.
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After One Hour of Experimental Stimulation
During the total test period, general behavioral changes after
one hour of experimental stimulation were similar to those after five
minutes of stimulation.

Some reflexes tended to be absent on pre

stimulation and after one hour of stimulation but present after five
minutes, e.g., left grasp reflex. Spontaneous movement, after one
hour and before neurological testing, tended to be quiescent and similar
to prestimulus observations.
In general, these results are consistent with those of Cohen
(1954), Groves et al (1971) and Scheibel and Scheibel (1964) in that a
program of repetitive stimulation produced general behavioral quieting
during the stimulation periods. This suggests that LH was responding
less to one hour of repetitive stimulation than to five minutes of it. In
other words, he was not alerting to the stimulus because he had "learned"
about its properties and thus had decreased his response, i.e., habituated.
to it. Habituation is an important mechanism in that it demonstrates
negative learning (Bernard, 1972; Leiman et al, 1972, 125; Thorpe, 1956).
This enhances the individual's ability to discriminate stimuli, thus
allowing him to pay no attention to incoming signals. The interested
reader is referred to the excellent discussion by Groves and Thompson
(1970).
The data gives no clues to the underlying physiological mechanisms
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of such behavioral data. It is feasible that, rather than learned behavior
and habituation, cortical and/or reticular depression has resulted following
metabolic fatigue or failure. That is to say that LH was quiescent because
his nervous system did not have the metabolic ability to maintain
spontaneous behavior.

Normal vs. Loud Auditory Stimulation
During the neurological examination the question, "What is your
name?", was asked in normal intensity and then in a louder intensity.
The examiner spoke each time from the right and then from the left side
of the bed. Although inadequate, the data indicate no physiological or
motor behavioral trend changes (Appendix D, page 152). No attempt to
collect EEG data was made.
Character changes create novel stimuli for the auditory receptors
(Milner, 1971). Disinhabituation, the process of restoring attention.
should result in some behavioral trend change toward arousal (Willis,
1973, 334). The research design failed to provide adequate data
collection in this area. Certainly a study designed to differentiate
behavior and EEG changes in unconscious posttraumatic head injured
patients who experience a single repetitive stimulus, e.g • / auditory
click, which is altered after a controlled time interval may be informative.
If habituation and dishabituation are active processes requiring RF
activity, their presence may provide important clinical data.
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The Eighth Stimulation Period
During the eighth stimulation period (three hours after the end of
the seventh and three hours prior to the ninth), LH demonstrated focal
clonic seizure activity of the left lower extremity. Due to changing
behavioral status throughout the test period, it is not possible to
differentiate those behaviors related to the phenomena which caused
the seizure activity and those related to the experimental stimuli. No
unique behaviors were observed during either test period.
Interestingly, Rutledge et al (1972) concluded that in the
regenerating nervous system dendritic spine sprouting from intact axons
are related to increased spasticity and convulsant activity. He
hypothesized that such behavior was the result of thicking and/or
hypertrophy of collateral dendritic trunks which effects structural and
functional contact with neighboring neurons and actually increase energy
of motor response to excitation.
Data of this study does not indicate whether the clonic activity is
related to structural change or some other mechanism. Certainly spiking
is a relatively common occurrence following head injuries for more than
five years after injury (Bickford and Klass, 1966, 81; Schmidt, 1968, 55).
It is commonly believed that traction of scarring at injury site upon
neuronal processes increase epileptogenesis by mechanical deformation
(Buerger, 1972).
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The Twelfth Stimulation Period
Two hours prior to this period LH had a gastrostomy tube inserted
intra-abdominally with a local anesthetic. On prestimulation, physio
logical change included a drop in blood pressure. The behavioral
changes included the presence of previously absent ciliospinal reflex.
loss of slow roving eye movements, loss of blink response to visual
threat, deviation of resting tongue position from previously midline one.
flaccidity of all extremities, no spontaneous movements before or after
examination, and an absence of response to auditory stimuli. After
stimulation all behavior returned to previous days' findings except
spontaneous movements and responses to auditory stimuli. Both
remained conspicuously absent. It is not possible to discriminate any
remarkable pulse and/or respiratory rate changes due to previous
widespread variations.
It is known that stimulation of afferent fibers from visceral
structures produce marked effects upon activity of motoneurons to
skeletal muscle (Willis, 1973, 112). Stimulation of visceral afferent
endings, particularly the central end of the vagus nerve, will produce a
powerful and prolonged inhibition of cortical pyramidal tract neurons
(Rosenthal et al, 1973, 264). Depression of somatic and visceral
reflexes via loss of excitatory upper neuronal control within low7er motor
mechanisms occurs and a so-called visceral shock may result (Selkurt,

1
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1966, 128).

Furthermore depression can result in alterations of

autonomic neuronal activities and reflexes, thus blood pressure, heart
and respiratory rate changes may occur.

Finally, inhibition and excitation

of medullary vasodepressor and vasopressor centers which are mediated
through reticulospinal neurons alter cardiovascular status (Willis, 19 73,
301).
Again, it is not possible to discriminate the underlying mechanisms
which resulted in prestimulus behavior changes.

Nevertheless, the

reoccurrence of previous behavior status which was observed after
stimulation raises a number of questions. Is the neurological status of
ur conscious patients altered following local anesthesia and abdominal
incisions? If so, what are the mechanisms involved? What is the length
of time required for a return to homeostasis ? Are there detrimental
effects to the patient? When are such effects irreversible? What are
appropriate nursing observations, priorities, and activities when caring
for such patients? What, if any, role does stimulation and/or repetitive.
long-term stimulation play in this situation?

Is such a program

therapeutic?
The Thirteenth Stimulation Period
All physiological and behavioral data demons trate generalized
depression of spontaneous and elicited behavior on the ninth day of
testing. On prestimulation testing behavioral changes included the
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presence of oculocephalic reflex, paralysis of upper gaze reflex, weakness
of left quadriceps, and brachioradialis reflexes. Absence of left triceps.
both grasp reflexes, response to visual threat and facial tone were noted.
Ciliospinal reflex was present on the right. Spontaneous motor activity
was remarkably absent and shivering was noted after tactile stimulation;
no change was noted after auditory stimuli. After five minutes of
experimental stimulation, left quadriceps, triceps, and brachioradialis
reflexes were absent. Right and left ciliospinal reflexes were absent.
Fixation of the left eye was noted; resting tongue position returned to
midline. The right arm was abducted with wrist extension; after noxious
stimulation some localizing response was obtained. The left arm was
flaccid and withdrew slightly to noxious stimuli. Both lower extremities
were flaccid and nonresponsive to noxious stimuli. No response to
touch was noted.

Shivering of the right arm was observed after auditory

stimulation. After one hour of experimental stimulation, left brachioradialis and triceps reflexes were present as well as right ciliospinal.
Purposeful movement of right extremities and nonspecific movement of
left were observed after noxious stimuli. LH's turned his head slowly
toward the individual speaking his name.
Such prestimulus generalized depression and more primitive
neurological behavior incriminates a secondary, metabolic disturbance
as in hypoxemia, cerebral edema, hypoperfusion and/or hypoglycemia
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(Plum and Posner, 1966, 104). Additional data, e.g., low arterial
oxygen tension, rapid heart and respiratory rates and pulmonary radio
logical changes, confirmed hypoxemia and pneumothorax.

It is beyond

the scope of this thesis to thoroughly discuss in full aspects of cerebral
metabolism.

In general, cerebral oxidative metabolism supplies energy

for three functions:
1.

Maintenance across neuronal membranes of electrical

potentials.
2.

Synthesis of important compounds for transmitter substances.

3.

Replacement of catabolized enzymes and structural cellular

elements.
A constant supply of oxygen is manditory for cerebral metabolism (CMRC^).
When CMRO2 falls, behavior becomes depressed and more "vegetative,"
primitive behavior follows.

More detail about CMRC^, CBF and

compensating mechanisms are given in the section on the spectral
analysis of the EEG.
Of significance to this section are the behavioral responses to
repetitive stimulation.

It is apparent from the data that in spite of

hypoxemia greater arousal levels are obtainable but limited. The
regressive pattern of some behavior and aroused pattern of others
suggest that certain cerebral structures are activated at the metabolic
expense of others. In all likelihood this reflects intracerebral CBF
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shifting mechanism (see page 121) rather than active inhibition. The
similarity between behavioral data of days one through five and day
nine also illustrate the greater vulnerability of certain structures to
hypoxia.
Of particular intrigue is the presence of previously absent higher
order behavior, e.g. , turning head toward name, purposeful movement of
right extremities and nonspecific movement of left, after one hour of
experimental stimulation.

One wonders whether this illustrates

rekindling, as suggested by Goddard (1969).

More important one wonders

at what expense the behavior occurred. When would the metabolic
expense be too dangerous, resulting in impairment of synaptic functioning?
In the present situation it appears that one is faced with a tenuous
homeostatic balance of maintaining adequate stimulation without
excessive metabolic expense. The value of eliciting greater arousal
states to maintain neural structure, synaptic relationships and function
in the presence of injury, in the presence of reduced excessive metabolic
needs and in the presence of secondary metabolic disturbances intuitively
appears to be a function of length of time and degree of compromise.
Nevertheless, qualitative research on experimental models is indicated.
More definitive information on this relationship is manditory and
precludes the development of safe guidelines for administration of
restorative and preventive nursing activities.

115
DISCUSSION OF ELECTROENCEPHALOGRAPHIC FINDINGS

Visual
Visual inspection of the EEG demonstrates better formed, better
organized and higher frequency waves across the days of testing.

Initial

asymmetry is also reduced across days. There is a trend toward slower
rhythms after five minutes of stimulation and similar to prestimulation
rhythms after one hour. These findings agree with those of Hassler
(1969, 689; 1969, 306; 1970) and Dieckmann (1968).
The usual sequence of EEG recovery following a traumatic head
injury is shown by a trend toward gradual increase in frequency and to
some extent rhythmicity (Bickford et al, 1966, 70). As responsiveness
occurs, theta rhythms become predominant with some reappearance of
alpha background rhythms. The overall time sequence is not documented
in literature. Hence, the data of this study indicate some EEG recovery
toward responsiveness. The data also lend support to a correlation
between increased behavioral responsiveness and improvement of the
theta rhythm.
The data fail to clarify whether this recovery was related to the
experimental stimulation. The loss of right and left montage asymmetry
across days suggests reactivation of cortical fields by the RAS and its
projections. The absence of such a trend during the prestimulus days
supports the possibility that the experimental stimulation influenced the
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EL’G.

The dissimilarity between prestimulation tracings and those

recorded after five minutes of stimulation also support electrocortical
events related to the stimulation.
Repetitive presentation of a stimulus is known to fail to produce
EEG amplitude responses, an event termed habituation. The previously
mentioned dissimilarities when coupled with similarities between
prestimulation tracings and those recorded after one hour of experimental
stimulation suggest such a phenomenon. Electrocorticaliy the arousal
reaction is characterized initially by generalized cortical activity and
then is replaced by a more localized discrete cortical "analysis"
(Walsh et al, 1973). The data across days tend to support a greater
electrocortical arousal state following the experimental stimulation.
An increased amplitude in the theta frequency during acoustic
stimulation can be correlated with a more behaviorally excited state
(Green et al, 1954; Irmis, 1971; Klemm, 1972). Type II ascending
activating system is correlated with slow waves (2-6 Hz, amplitude up
to one millivolt) during immobility, scratching, chewing and shivering
behavior. This system is also associated with cholinergic synapses
(Vanderwolf, 1973). The behavioral and EEG data suggests activation of
this system after experimental stimulation across the days.
Certainly the tendency toward slower rhythms after five minutes
of stimulation is particularly interesting. Generally, EEG voltage can be
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reduced by fifty per cent during attention (Milner, 1970, 284) and higher
frequency waves are commonly present (Willis, 1973, 216). Thus, the
data appears to be conflicting.

On one hand the behavioral data tend to

implicate a greater arousal state after stimulation while on the other hand
the EEG data implicate a lesser aroused state.
It is possible, but not probable, that the majority of activation
following the experimental stimulation occurred in catecholaminergic
neurons such as those containing dopamine. Dopamine-containing
neurons cause increased wakefulness, behavioral alertness and motor
coordination (Jouvet, 1972; Weitzman, 1969) but do not significantly
influence electrocortical behavior (Anden, 1966).
Some investigators have suggested that there are at least three
forms of arousal—electrocortical, autonomic and behavioral—each
complex in itself (Lacey, 1967; Riklan, 1969, 293).

It may be that

dissociation of these processes influence cortical and subcortical
function in different and, somehow, in opposing ways following injury
and/or during certain stages of recovery.
Visual spiking was noted during the middle days. Similar
electrical behavior has been reported in chronic partially isolated cortex
preparations (Tassinari, 1968). This could result from a progressive
increase in excitability of the isolated area, or from a change in the
. character of afferent input exciting the neurons. However, RAS activation
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is generally thought to inhibit generation of epileptic spikes (Chocholova
et al, 1970).
It is not possible to discriminate unique electrocortical behavior
on the twelfth stimulation period from that of the tenth and thirteenth
periods.

Spectral Analysis
In general, spectral analysis of the EEG demonstrated a trend
toward increased intensity, increased frequency activity and less
clustering of activity across the days of testing. Increased spectral
energy was particularly evident after five minutes of stimulation.
Generalized amplitude depression was noted in the middle days.
Within-test interval amplitude shifts were noted on the last day. Thus,
the spectral data implicates a change in the electrocortical state of
the patient.
Ivanov et al (1965) and Zubin et al (1969) found that EEGs of
healthy persons in the awake state always contain theta and delta
(2-7 Hz) waves, thereby casting doubt on the idea that such waves
appear only during deep inhibition of the CNS or pathological condition
of the person.. Therefore, the mere appearance of these waves throughout
testing fails to give more penetrating understanding of the data.
The progression from minimal right 8-16 Hz and left 4-16 Hz
activity to moderate right 6-16 Hz and left 6-16 Hz activity is revealing.
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In an attempt to apply spectral analysis for improved assessment of the
influence of thalamic and reticular structures on synchonization of
electrocortical activity, Dumermuth et al (1972) differentiated various
sleep stages in normal adults. He found 1.05± .4 Hz activity predominate
in stage 3 sleep. REM sleep demonstrated increased intensity and a
peak frequency at a mean 0.8 Hz. Theta activity (at a peak frequency
of 7 Hz) was predominate in stage 2 sleep. Alpha activity (with a peak
between 9.6 and 10.4 Hz) corresponded with waking EEG. From this
reference point one could say that the progressive activation of higher
frequencies in this study implicates a greater influence by subcortical
structures on electrocortical activity.
Cohen et al (19 73) found that clinical recovery of stroke patients
is preceded and accompanied by a tendency toward less clustered
spectral bands. They felt that this reflected greater cyclic synchronous
activity toward normal. The spectral data of this study demonstrates
similar EEG changes across the days.
Variations in blood flow and metabolic disturbances are reflected
in the EEG. Amplitude depression and a progressive change to lower
frequencies are well documented results of hypoxemia (Brazier, 1972;
Massopust et al, 1969). Presumably the spectral changes are due to the
effects of CO2 on the cell membrane rather than on oxidative enzymes
.(Meyer, 1967).

It has been hypothesized that during early stages of
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hypoxemia an accumulation of anerobic metabolites occurs which results
in an energy output—EEG spindle burst activity (Massopust et al, 1969) —
and suppression of descending reticular inhibition of motoneurons (Dell
et al, 1961). Continued hypoxemia results in increased lactic acid
accumulation, decreased neuronal metabolism and further EEG depression.
The continuing EEG responsiveness to stimulation was evident in spectral
analysis on the tracings of the ninth day when LH's systemic arterial
blood gases included an arterial oxygen tension of 55 and an arterial
carbon dioxide tension of 30. These data conform to those of Bostem
et al (1969).
The data of the seventh and eighth days are more difficult to
understand. Behaviorally left sided clonic motor activity was observed
three hours before the second test period on the seventh day. Visual
EEG analysis revealed some spiking throughout these days. Such EEG
spikes may be associated with such biocortical abnormalities as
hypoxemia (Bostem, 1969; Ellington, 1968; Massopust, 1969).

Spectral

analysis revealed generalized intensity depression in the right montage
during the second test period of the seventh day. Hypoxemia at the
cellular level is again inferred (Carrie et al, 1973, 65). If LH's clonic
behavior followed unilateral and localized hypoxemia, the data again
conforms to Bostem et al (1969). They found that in hypoxic monkeys
visual inspection of EEGs showed precocious recovery after reoxygenation
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and spectral analysis showed abnormalities for much longer periods.
Bostem's

However, there are problems with this supposition.

spectral recovery time was only "approximately" five minutes. They
used monkeys with no apparent EEG or behavioral abnormalities. Damage
of cerebral vessels manifests itself in different ways and a head injured
individual may demonstrate any combination of physiological responses.
For instance hyperemia is seen frequently (Baldy-Moulinier, 19 70,
216; Lassen, 1966).

In other words, severe head injuries result in
• Vr*

transient metabolic acidosis and lactacidosis which in turn results in
striking cerebral vasodilation. Tissue perfusion exceeds tissue demand.
Furthermore, responsiveness to localized pH which normally
produces variations in diameter of cerebral arterioles are lost in
traumatized tissue. Relative hyperemia may or may not be absolute
(higher than normal). During recovery autoregulation, always more
widespread regulatory mechanisms, may return and be dissociated in
localized, traumatized areas where loss of CC>2 reactivity continues
(Lassen, 1970, 2 79). In some cases any stimuli which normally results in
vasodilation, increased CBF and increased CMRC>2 may not be expected
to dilate the already dilated vessels of such regions. Unfortunately,
such stimuli also tends to have a more widespread influence, resulting in
dilation of previously constricted vessels and decreased CBF to already
dilated vessels. This is a so-called "intracranial steal".
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In some cases, the loss of function in a pathological region
eventually manifests itself in opposite (paradoxical) reactions (Palvolgyi,
1970, 176). In other words localized tissue may paradoxically decrease
CBF with stimulation.

In these cases subnormal blood flow, greater

hypoxemia and prolonged recovery periods are expected. Hence
hypothetically the depressed right EEG montage tracings seen in this
study may represent such neurophysiological phenomena. Finally,
repetitive seizures can produce hypoxemia caused by hypoventilation
(Willis, 1973, 222).
The depressed spectral data of both left and right montages on
th~ eighth day of stimulation are fascinating. CBF variations cannot
fully account for these.

Such prestimulation behavior as elevated blood

pressure, markedly elevated heart and respiratory rates without
accompanying reflex, sensory or motor changes denote superimposing
ventilation-perfusion abnormalities and sequential cardiovascular
compensation. Yet arterial blood gases fail to support the diagnosis of
severe systemic hypoxemia (Appendix I). Assuming that the reported paC2
is correct, it is possible that cardiovascular compensation was inadequate.
As a result, inadequate cardiac output and insufficient cerebral perfusion
may have ensued (Dr. J. Hodgkin, in personal communication, 1973).
The radiological findings on the morning of the ninth day indicated a
pneumothorax. Certainly, the data of the eighth day clearly exposes not
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only the vulnerability of electrocortical behavior to the metabolic
environment but also the sensitivity of spectral analysis to electrocortical changes.
As with visual analysis spectral data include similar amplitudes
and frequencies on prestimulation and after one hour of stimulation
tracings. This provides additional support of EEG failure to respond
after continuous exposure to repetitive stimulation. Within-test
interval amplitude shifts noted during the last day are puzzling.

Many

researchers have documented patterns of habituation and sensitization as
labile features of reticular activity. Some researchers have also
reported increases in response to repetitive stimuli (Groves et al7 1971).
Several possibilities exist in this study and include the following.
1.

Electrocortical alerting after more than five minutes of

stimulation and after one hour with evidence of loss of ability to
habituate.
2.

Habituation within less than five minutes with alerting

response after one minute of cessation of habituating stimuli and greater
electrocortical overall responsiveness after one hour of stimulation
which is not self-sustained after one minute of cessation of arousing
stimuli. Hassler (1968; 1969) found a failure of self-sustained EEG
activity in his study. Regardless of the underlying etiology, spectral
analysis documents clearly a change in LH's electrocortical status.
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SUMMARY
Following repetitive intermittent long term auditory stimulation of
a comatose patient, behavioral and EEG changes were observed.
Behavioral findings implicate greater arousal levels and EEG findings
implicate better organization of electrocortical activity. Underlying
mechanisms which were considered as contributing to the physiological
changes included dendritic spine and bouton regeneration, alterations
in metabolic demands, variations in cerebral blood flow, habituation and
hypoxemia.

CHAPTER V

SUMMARY, CONCLUSIONS, RECOMMENDATIONS

Summary
A descriptive case study was conducted to investigate the effects
of repetitive auditory stimulation on the behavior and electroencephalographic activities of unconscious posttraumatic head injured patients.
A review of literature revealed that only two investigations have
been made which studied the effects of repetitive stimulation of long-term
unconscious patients. The theoretical and neurophysiological basis for
sensory stimulation and its effect on the central nervous system were
clearly evident from the literature review. Auditory nerve fibers are
able, when stimulated, to arouse the reticular activating system which
in turn produces alerting in the organism. The reticular activating system
which has projections to the cerebral cortex seems to be the key in
producing arousal. The fact that few neurophysiological studies have
been made which examines the relationship of long-term stimulation and
arousal in unconscious individuals relegates these findings to theoretical
conclusions which need empirical clinical verification.
One subject was included in this study. Behavioral and
electroencephalographic data was used to measure change in arousal.
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Intermittent repetitive long-term auditory stimulation was supplied by a
tape recorder and earphones .

Conclusions
Analysis of data obtained in the study (in this case, prestimulation.
during stimulation and after stimulation activity) demonstrated changes in
behavioral and electroencephalographic activity toward greater arousal
across days. Due to sampling size no statistical validation was possible.
Behavior and EEC changes after five minutes of stimulation showed
greater arousal states than after one hour.

No changes were noted after

loud stimulation; this may be due to inadequate data collection. The
theoretical significance of one episode of clonic seizure activity was
explored. Behavioral and EEC regression was noted during the test period
following insertion of a gastrostomy tube with local anesthetic agent.
During hypoxemia behavioral and EEC data illustrated regression on
prestimulation testing and retention of previous days' behavior after
stimula tion.

Recommendations for Further Studies
Because of the exploratory nature of this study, the possibilities
for further research are numerous. There are many variations of this
design to be tested. Obviously, the study needs to be repeated to
determine how a large number of subjects react to auditory stimulation
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when unconscious for long periods of time.

Statistical treatment of data

would then be possible. To exclude the possible effects of the data
collection process, one could repeat the study and provide opportunities
of data collection without turning on the recording (thus providing silence)
or using open earphones (thus not altering the random auditory stimulation
of the environment). Comparing data following changes in auditory
intensity is also needed. Finally, the study could be repeated using
other patterned sensory stimulation programs such as tactile, visual and
kinesthetic stimulation.
The EEC statistical data analysis could also be more extensive
in a repeat study. Using spectral analysis, a closer examination of
delta/theta ratios, peak detection, regional differences, and multivariant
analysis may expand our understanding of the electrocortical regeneration
of arousal. Finally, an indepth analysis of evoked potentials and their
components would elucidate further electrocortical events.
One question raised by this study had to do with the metabolic
expense of sensory stimulation. A study using experimental animals to
examine the qualitative and quantitative requirements of various types of
repetitive sensory stimulation programs would provide much needed data
regarding this problem. Systemic observations of behavior and physio
logical parameters are needed by nurses to use as guidelines for safe
prescription of this nursing tool.

Moreover, an experimental study to
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compare behavioral, electrocortical and neurochemical changes in
experimental animals subjected to varying altitudes and varying sensory
stimulation programs would also be helpful.
Still another question arising from, the data (of the eighth day)
could be answered by carrying out a descriptive study using subjects
who have abdominally inserted gastrostomy tubes with local anesthetic
agents to examine and delineate the resultant neurological status.
Larger samplings and control groups would be elucidating.
Certainly patients who have experienced loss of consciousness
offer most intriguing nursing care problems. Restorative measures are
vastly neglected by nursing research. The use of long-term repetitive
sensory stimulation requires more investigation.
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November 29, 1972

Miss Ede Maria Buerger
LLU School of Nursing
Loma Linda, CA 92354
Dear Miss Buerger:
The Research Advisory Committee on Human Experimentation
has voted to approve your research project "Auditory Stimulation of
Comatose Patients." This approval is given with the understanding
that you will acquaint the committee promptly with any change in
your plans or procedure that might affect the rights or welfare of
your subjects.
With every wish for your success in these investigations.
I am
Sincerely yours,

7

Jack W. Provonsha, M.D., Ph.D.
for the Research Advisory Committee
on Human Experimentation
JWP:mn

Caw puses at Low a Linda and La Sierra

APPENDIX B
2 05 West Fern Avenue #5
Redlands, California 92 373
714-793-4125
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January 4f 1973
Ms. Gertrude Haussler, R.N.
Director of Nursing Service
Loma Linda University Medical Center
Loma Linda, California 92354
Dear Ms. Haussler:
As you know a significant number of patients admitted to the hospital
experience alterations in consciousness. Physicians and nurses are
often concerned with facilitating alertness in these patients. I am
investigating a possible relationship between auditory stimulation and
the level of consciousness. This study is to meet part of the require
ments for a master's degree in nursing at Loma Linda University.
Selected unconscious patients will be tested for responsiveness by a
neurological examination and an electroencephalogram. A five day
program of intermittent auditory stimulation using a local radio station
will then be applied. I will perform a neurological exam and collect
an LEG periodically during this period. I do not believe that this will
detract from the normal activity of the nursing staff. It is estimated
that it will require approximately four weeks to obtain a sample of ten
patients.
This study has been approved by the University Research Advisory
Committee for Human Experimentation and safeguards are built in for
the protection of the patient. I will be working closely with my
advisors in nursing and neurophysiology: Miss Jan Earnhardt, Dr. Don
Peterson, and Dr. T. Joe Willey. May I have permission to conduct
this study in your agency. Of course I will be glad to share the
findings of my study with you. I will be glad to make an appointment
to talk with you further about the study. A form is enclosed for your
convenience.
I look forward to hearing from you soon.
Sincerely,

Miss Ede Marie Buerger, RN
Graduate Student

You have my permission to proceed in making the contacts you need to
gather data for your study at Loma Linda University Medical Center.
I would like to have more information about your study. Please call to
make an appointment. _______

Signed
Director of Nursing Services
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APPENDIX D
Data Collection

NAME____________________
Medical Diagnosis______
Initial date of uncon.___
Pt. normally asleep from
Medications:___________
TESTS:
Spontaneous Movements:

Age

Hospital Number

Hearing Hx: Chart______
____
according to family.
to

Date
Fam.

Date:
(ten minute observation interval)

Respiration: Pattern___________________
Right
Left
Pupillary Reaction:
Size:
Reaction
Following an object
Resting
Eye movements: Spontaneous_______ _
Oculocephalic Reflex_
Corneal Reflex_____
Right
Left
Skeletal Muscle:
Oral_________
Cag__________
Grasp_______
Triceps______
Biceps_______
Quadriceps__
Ankle Clonus
Babinski
(Noxious stimuli)
Type of Response to Noxious Stimuli: localization
(see next page)
nonspecific_
withdrawn 1_
absent______
Verbal Stimuli:
Normal
Loud
Heart Rate
Respiratory Rate
Motor
Emotional Response:
Family__________
Noxious Stimuli
Verbalization by patient_
Comments:

153
APPENDIX E

Name__
Date___
Position
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APPENDIX F
HEART RATE VALUES OF A COMATOSE PATIENT
BEFORE AND AFTER SENSORY STIMULATION
After Experimental Stimulation
Before
r/ns/ls

Day

Five Minutes
r/ns/ls

One Hour
r/ns/ls

1 pm

104/104/104

2 am

102/104/106

3 pm

88/92/90

4 am

98/90/94

5 am

100/106/104

104/100/110

110/108/110

100/110/104

115/118/110

122/110/110

6 am

112/108/100

106/110/104

124/120/118

pm

106/108/100

118/110/100

110/90/100

7 am

104/100/100

108/106/100

104/96/96

100/100/96

101/98/96

100/104/98

108/102/98

92/88/100

92/90/88

90/86/90

90/86/86

9 am

134/132/126

128/130/128

122/116/120

10 am

100/120/96

100/110/92

110/100/120

pm

pm
8 am
pm

'

.94/92/96

Log: r-resting rate; ns-rate after name spoken in normal tone;
Is-rate after name spoken in loud tone
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APPENDIX G
RESPIRATORY RATE VALUES OF A COMATOSE PATIENT
BEFORE AND AFTER SENSORY STIMULATION
After Experimental Stimulation
Day

Before
4/ns/ls

Five Minutes
4/ns/ls

One Hour
r/ns/ls

1 pm

20/36/36

2 am

22/20/24

3 pm

20/20/24

4 am

18/22/20

5 am

20/20/24

16/16/20

20/20/20

pm

20/22/16

18/24/26

24/20/24

6 am

24/24/20

24/20/24

20/20/20

pm

16/18/18

20/18/24

18/20/18

7 am

16/20/2 0

22/20/20

18/18/16

pm

20/24/24

18/20/20

20/22/20

8 am

20/26/24

20/20/24

32/28/2 6

pm

16/16/16

14/14/16

14/16/16

9 am

28/32/26

24/24/24

24/24/24

10 am

14/18/16

16/2 0/14

18/20/24

Log: r-resting; ns-rate after name spoken in normal tone;
Is-rate after name spoken in loud tone

APPEKDIX H
REFLEX RESPONSES OF A COMATOSE PATIENT BEFORE AND AFTER SENSORY STIMULATION
Babiaski
Day

1
2
3
4
5
6
7
8
9
10

pm
am
am
am
am
pm
am
pm
am
pm
am
pm
am
am

BEF.
r/l

5M
r/l

Ankle Clonus
1H
r/1

BEF.
r/l

5M
r/l

Maxillary
1H
r/l

BEF.

+
+
+
+
+
+
+
+
+
+
+
+
+
+

5M

+
+
+
+
+
+
+
+
+
+

Oral/Gag
1H

+
+
+
+
+
+
+
+
+

BEF.
r/l

5M
r/l

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

1H
r/l

+ ~r

+
+
+
+
+
+
+
+
+

Log: r-right; 1-left; BEF.- before experimental stimulation; 5M-five minutes after experimental
stimulation; IH-one hour after experimental stimulation; - absent response; + present response.

Cn
CD

+
+
+
+
+
+
+
+
+

ytRN,ER Radcliffe memorial library
LOMA LINDA UNIVERSITY
LOMA LINDA, CALIFORNIA
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APPENDIX I
BLOOD GAS VALUES OF A COMATOSE PATIENT
BEFORE AND AFTER SENSORY STIMULATION
Day

PC 02

PH

P02

FI02

HR

RR

BP

1 pm

41

7.44

139

65

95

20

2 am

34

7.47

79

35

104

20

120/98

3 pm

36

7.42

66

21

102

22

120/90

4 am

27

7.45

76

23

88

20

148/102

5 am

32

7.47

74

30

100

20

110/80

6 am

35

7.44

75

40

112

24

118/80

7 am

24

7.50

77

30

104

16

124/90

8 am

28

7.50

137

24

92

•16

150/110

9 am

30

7.44

55

38

134

32

120/100

10 am

28

7.46

74

30

100

14

120/96

Log: PC02--arterial carbon dioxide tension; P02-arterial oxygen tension;
FI02-ambient oxygen per cent; HR-heart rate; RR-respiratory rate;
BP-blood pressure.

